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SPECIAL  RESULTS  OF  OBSERVATION  IN  THE  DOMAIN  OF 

COSMICAL  PHiENOMBNA. 

INTRODUCTION. 

In  parsoance  of  the  aim  which  I  had  proposed  to  myself, 
as  attainable  in  a  degree  commensurate  with  my  own  powers 
and  with  the  present  state  of  knowledge^  I  have  consi- 
dered Nature,  in  the  two  volumes  of  the  Cosmos  which 
have  already  appeared,  in  a  twofold  point  of  view.  Z  have 
sought  to  represent  her,  first,  in  the  pure  objectivity  of 
external  phenomena,  and,  next,  as  the  reflex  of  the  image 
received  through  the  senses  on  the  mirror  of  man's  inner 
being,  his  ideas  and  feelings. 

The  external  world  of  phsraiomena  has  been  described 
under  the  scientific  form  of  a  general  picture  of  Nature  ifr 
her  two  great  spheres,  uranologic  and  telluric;  banning 
with  the  stars  whidi  glimm^  amidst  nebulss  in  the  most 
distant  r^ons  of  space,  and  descending  through  oiur  plane- 
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received  through  the  senses  on  the  mirror  of  man's  inner 
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'  A  PHYSICAL  DESCfilPTION  OF  TIIE  UNIVERSE. 


SPFCIAL  RESULTS  OF  OBSEHVATION  IN  THE  DOilAIN  OP 
COaUICAL  FHiEMOUENA. 

INTRODrCTION. 

h  puTsaance  of  the  aim  which  I  hai)  proposed  to  myself, 
ss  attainable  in  a  degree  coinmeiiBurate  with  my  own  powers 
and  with  the  present  state  of  knowledge,  I  have  consi- 
dered Natnre,  in  the  two  volumes  of  the  Cosmos  which 
have  already  appeared,  in  a  twofold  point  of  view.  I  have 
sought  to  represent  her,  first,  in  the  pure  objectivity  of 
external  pheenomena,  and,  nest,  as  the  reflex  of  the  image 
received  through  the  senses  on  tbe  mirror  of  man's  inner 
being,  liis  idea?  and  feelings. 

The  external  world  of  phienomena  has  been  desutibed 
under  the  scientific  form  of  a  general  picture  of  Nature  in 
her  two  great  spheres,  urnnologic  and  telluric ;  beginning 
with  the  stars  which  glimmer  amidst  nebulffi  in  the  most 
distant  regions  of  space,  and  descending  through  our  plane- 
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tary  system  to  the  vegetable  covering  with  which  the  earth 
is  invested^  and  to  the  minutest  organisms  often  floating  in 
the  air,  which  escape  our  unassisted  vision.      In  order  to 
allow  us  to  contemplate  with  greater  clearness  the  existence 
of  a  common  bond  comprehending  the  whole  of  the  material 
universe,  the  government  of  never  changing  laws,  and  the 
causal  connection  of  entire  groups  of  phsenomena  so  far  as 
is  yet  known  to  us,  it  was  necessary  to  avoid  the  accumula- 
tion of  detached  facts       Such  care  appeared  more  particu- 
larly requisite  where,  in  the  telluric  sphere  of  the  Cosmos, 
by  the  side  of  the  dynamic  actions  of  moving  forces,  we 
find  manifested  the  powerful  influence  of  the  specific  hetero- 
genrity  of  matter*     In  the  sidereal  or  uranological  part  of 
the  Cosmos,  the  problems,  in  all  that  can  be  reached  by 
observation,  are  in  their  nature  of  admirable  simplicity; 
being  by  the  theory  of  motion  susceptible  of  rigid  calcula- 
tion, according  to  the  attracting  force  of  matter  and  the 
quantity  of  its  mass.     If ,  as  I  beheve,  we  are  justified  in 
r^arding  the  aerolites,  on  meteoric  asteroids,  as  parts  of 
our  planetary  system,  they,  but  they  only,  by  falling  upon 
our  globe,  enable  us  to  recognise  diversity  of  substance  in 
bodies  bdonging  to  oosmical  space  external  to  our  own 
planet.  (})     We  have  here  the  reason  why  terrestrial  phsBr 
nomena  have  hitherto  been  less  generally,  and  less  success- 
fully, subjected  to  mathematical  development  and  treatment, 
than  have  the  movements  of  the  heavenly  bodies,  with  their 
mutual  perturbations  and  periodical  returns,  governed,  so 
far  as  our  perceptions  extend,  only  by  the  one  fundamental 
force  of  homogeneous  matter. 

My  endeavours  in  the  telluric  portion  of  the  description 
4>f  Natux^  were  directed  to  the  lUTangepient  of  the  phaeno- 
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mena  in  significant  order,  su^^tive  of  their  causal  connec- 
tion. The  terrestrial  globe  was  described  in  its  form,  its 
mean  dennt;,  the  gradations  of  it?  temperature  increasing 
with  increasing  depth,  its  electro-magnetic  currents  and 
evolution  of  polar  light.  On  the  reaction  of  the  interior  of 
the  planet  npon  its  external  crust  depend  all  the  phienomena 
of  volcamc  activity ;  comprising  those  of  earthquakes  in 
more  or  less  complete  circles  of  wavea,  as  well  as  their 
simply  dynamic  effects,  eruptions  of  gas,  hot  springs,  and 
mad.  The  most  powerful  mnuifestatioa  of  internal  lerrea- 
triid  activi^  is  the  elevation  of  fire-emitting  mountains.  We 
have  described  volcanoes,  both  central  and  forming  chains, 
not  only  as  destructive  agents,  but  also  as  producing  or 
aaitting  various  substances,  and  still  forming  under  our  eyes, 
for  the  most  part  periodically,  those  classes  of  rock  which 
we  t«nn  eruptive  rocks  j  while,  in  contrast  with  this  forma- 
tion, we  have  also  shewn  the  precipitation,  likewise  still 
going  on,  of  sedimentary  rocks  from  fluids  contaiuing  their 
minute  constituent  particles  in  solution  or  sui^pension. 
Such  a  comparison  of  that  which  is  still  in  process  of  elabo- 
ratioii,  with  those  strata  of  the  crust  of  the  globe  wliich  have 
long  since  been  solidified,  conducts  to  the  distinction  of 
geolo^cal  epochs,  and  to  a  secure  determinatiou  of  the 
successive  age  of  formations,  in  which  lie  enveloped,  iu 
successive  series  clironologically  recognisable,  the  remains  of 
extinct  races  of  plants  and  animals,  forming  the  Floras  and 
Faunas  of  an  earlier  world.  The  modes  of  formation,  altera- 
tion, and  upheaving  of  the  strata,  varying  at  diflcrpnt  geo- 
logical epochs,  are  conditions  on  which  all  the  particular 
features  of  the  surface  of  the  globe  depend  :  on  them  depend 
distribution  of  land  and  water,  and  the  configuration  and 
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exteut  of  tlie  oantinental  masses  in  the  vertical  as  well  aa  is 
the  horizontial  direction.  These  features  of  the  eartli's 
surface  constitute,  in  their  turn,  coiiditiona  on  which  depend 
the  thermic  state  of  oceanic  currents,  the  meteorological 
processes  of  the  aerial  covering  of  our  planet,  and  the  geo- 
graphical and  typical  distribution  aud  extension  of  anioaal' 
and  vegetable  forms.  Tliis  brief  allusion  to  the  order  and 
manner  in  which  the  various  telluric  phBenomena  are  pre- 
sented, in  the  view  or  picture  of  Nature  in  the  first  volume 
of  my  work,  is,  I  tliink,  sufficient  to  shew  that  the  mere 
bringing  together  of  great  and  appta^otiy  complicated- 
results  of  observation,  may  promote  insight  into  their  causal' 
connection.  On  the  other  hand,  the  interpretation  o£ 
Nature  is  obscured  when  the  description  languishes  undn^' 
too  great  an  accumulation  of  insulated  iacts. 

If,  in  a  carefully  designed  objective  representation  of  ths. 
world  of  phfenomena,  completeness  in  the  enumeration  of  par-- 
ticulars  ought  not  to  be  desired,  neither  should  it  be  sought 
for  in  the  description  of  the  reflex  of  external  nature  on  the 
human  mind.  Here  it  was  needful  to  draw  the  limits  still' 
closer.  The  measureless  domain  of  hman  thought,  fer- 
tilised for  thousands  of  years  by  the  impulses  and  power* 
of  mental  activity,  presents  in  different  races,  and  at  dif- 
ferent stages  of  civilisation,  at  one  time  a  cheerful,  and  at 
another  a  melancholy,  aspect ;  (*)  a  delicate  appreciation  of 
the  beautiful  in  nature,  or  a  dull  insensibility  to  all  that 
she  can  display.  At  an  early  period  we  see  the  homaa 
mind  directed  to  the  deification  of  natural  forces  or  powers/ 
and  of  certain  objects  of  the  material  universe ;  at  a  latw 
period  it  followed  religious  impulses  of  a  higher  and  mora 
purely  spiritual  character.  [^)     The  internal  reflex  of  external. 
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iBomeim  iaflueuceB  in  a  variety  uf  ways  Ibe  mysterious 
process  of  the  formatiou  of  language,  (*)  a  process  in  which 
original  physical  temperament,  and  the  impresstous  received 
im  surrounding  nature,  both  act  as  powerful  concurrent 
Man  elaborates  within  liimself  the  rough  mate- 
Is  supplied  through  the  senses;  and  tJie  results  or  pro- 
its  of  such  mental  processes  belong  as  essentially  to  the 
ifun  of  the  Cosmos,  as  do  the  external  phsenomeua  which  j 
reflected  in  the  internal  mirror  of  the  mind. 
As  the  image  of  nature  reflected  under  the  inBuence  of 
excited  creative  imagination  cannot  be  preserved  pure  and 
true,  there  arises,  by  the  side  of  what  we  caJl  the  actual 
or  estemal  world,  an  ideal  or  internal  world,  tilled  with 
fantastic    and   partly    symbolical    myths,    and    animated 
by  creatures  of  fabulous  shape,  whose  different  parts  ere 
borrowed  either  from  various  animab  of  the  present  crea- 
taon,  or  even  from  the  remains  of  extinct  82>ecies.  (')     Mar- 
lellous  and  fabulous  flowers  aiid   trees   spring  from  the 
mythical  soil,  as  in  the  songs  of  the  Edda,  the  giant  as!i, 
the  world-tree,   Ygdrasil,  whose  branches  rise  above  the 
heavens,  while  one  of  its  triple  toots  reaches  down  to  the 
lagiiig  fountains  of  the  lower  world.  (*)   Thus  the  cloud-land 
af  physical  myths  is  filled,  according  to  the  particular  cha- 
,cr  of  the  race  and  climate,  either  with  pleasing  images 
shapes  of  terror,  and  these  enter  into  tlie  circles  of  ideas 
of  later  generations,  to  whom  they  are  bequeathed. 

If  my  published  work  does  not  correspond  sufficiently  to 

the  title,  of  which  I  have  often  acknowledged  the  impendent 

the  reproach  of  incompleteness  must  especially 

sh  to  that  portion  which  touches  on  the  spiritual  life  in 

e  Cosmos,  or  the  reflex  image  of  external  nature  in  the 


domain  of  human  thought  ancl  feeling.  In  this  part  of  my 
jndertaking  I  have  more  particularly  contented  myself  with 
dwelling  on  the  subjects  wliich  lay  most  in  the  direction  of 
my  previously  long -cherished  studies  :  on  the  manifestations 
of  the  more  or  less  vivid  feeling  of  nature  in  classical 
antiquity,  and  in  modem  times; — on  the  fragments  of 
poetic  description  of  nature,  whose  tone  of  colouring  has 
been  so  materially  influenced  by  individuality  of  national 
character,  ami  by  the  religious  monotheiatic  view  of  crea- 
tion ; — on  the  pleasing  magic  of  lantlacape  painting ; — and 
on  the  history  of  the  piiysical  contemplation  nf  the  Uni- 
verse ;  (.  e.  the  history  of  the  gradual  development,  in  the 
course  of  two  thousand  years,  of  the  recognition  of  the 
unity  of  phtenomena,  and  of  the  Universe  aa  a  Whole, 

In  a  work  so  comprehensive,  and  at  once  scientific  and 
literary  in  its  aim,  all  that  a  first  and  imperfect  attempt  can 
aspire  to  accomplish  is,  to  influence  rather  by  what  it  may  call 
forth  than  by  what  it  can  itself  supply.  A  book  of  Nature, 
which  may  be  worthy  of  so  exalted  a  title,  can  only  be  looked 
for  when  the  naturai  sciences,  notwithstanding  their  inherent 
incapability  of  absolute  completion,  shall  yet,  by  continued 
progress  and  extension,  have  reached  a  higher  standing 
point ;  and  when  thus  a  new  and  clearer  light  shall  have 
been  thrown  alike  on  the  two  spheres  of  the  one  Cosmos, — 
the  external  world  perceived  by  the  senses,  and  its  internal 
reflection  in  the  mind. 

I  think  I  have  sufiiciently  indicated  the  reaaona  which 
have  determined  me  not  to  give  to  the  general  picture  of 
Nature  a  wider  extension.  It  remains  for  the  third  and 
last  volume  of  my  work  to  supply  some  of  the  dcficienciei 
of  the  earher  ones,  and  to  put  forward  those  results  of 
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pohservBtioD  wHch  form  tLe  principal  basis  of  present 
,  Kieitific  opiDion.  The  order  of  succession  in  wluch  these 
'  lesulls  are  presented  will  again  be  that  wliich,  in  confor- 
mity with  previously  enounced  principles,  was  followed 
by  me  in  the  general  view  of  Nature.  Before,  however,  pro- 
ceeding to  particular  results  in  the  several  sciences,  I  desire 
Gtill  to  add  a  few  more  general  elucidatory  conaiderstions. 
ITie  nnexpected  favour  with  which  ray  undertaking  has 
been  received,  both  in  my  own  »nd  in  other  countries, 
makes  me  doubly  feel  the  need  rf  expressing  myself  once 
more  aa  distinctly  as  possible  in  reference  to  the  fundamen- 
tal idea  of  the  entire  work ;  and  respecting  requirements 
which  I  have  never  even  attempted  to  fulfil,  because,  accord- 
ing to  my  individual  view  of  our  esperiment^  knowledge, 
tlieir  fulfilment  could  not  be  contemplated  by  me.  With 
these  considerations,  to  which  I  am  led  by  the  desire  of 
instiling  my  manner  of  proceeding,  there  are  naturally 
kLssodated  historical  reminiscences  of  earlier  attempts  to 
discover  the  idea  of  the  Universe,  which  should  so  compre- 
hend its  structure  as  to  reduce  all  phssiiomena,  in  their 
causal  connection,  to  a  single  principle. 

The  fundamental  principle  {^J  of  my  work  on  ibe  Cosmos, 
as  developed  by  me  more  than  twenty  years  ago  in  lectures 
delivered  in  the  French  and  Gercian  U'lgunges,  at  Paris 
and  at  Berlin,  consists  in  the  constant  tendency  or  endea- 
vour to  embrace  the  pbienomena  of  the  universe  as  a  natural 
Whole ;  to  shew  how,  in  particular  groups  of  the  jdiBenomeua, 
those  conditions  which  are  common  to  the  entire  group, — 
i.e.  the  goverament  of  great  aud  comprehensive  laws, — have 
been  discovered  and  recognised,  anil  by  what  means  we 
ascend  from  the  knowledge  of  these  laws  to  that  of  their 
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caitflft]  connection.  Such  a  tendency  to  advance  continn- 
ally  towards  the  comprehension  of  the  plan  of  the  Universe, 
or  the  order  of  Nature,  commences  with  the  combination 
and  generaJisation  of  particular  facts ; — with  the  recognition 
of  the  conditions  under  which  phtenomena,  t.  e,  the  mani- 
festations of  physical  alterations,  are  always  reproduced  in  a 
similar  manner :  it  conducts  to  the  tlioughtful  consideration 
of  the  materials  supplied  by  observation  and  experiment; 
but  it  does  not  conduct  to  a  "  view  of  the  Universe  derived 
from  speculation  and  the  development  of  thought  alone,  or 
to  a  science  or  doctrine  of  the  unity  of  Nature  apart 
from  experience."  We  arej  I  here  repeat  it,  slili  far 
from  the  time,  when  it  may  be  thought  possible  to  concen- 
trate ail  the  perceptions  of  our  senses  into  the  unity  of 
one  comprehensive  idea  embracing  the  whole  of  Nature. 
The  safi3  path  was  perceived  a  full  century  before  Francis 
Bacon,  by  Leonardo  da  Vinci,  and  indicated  by  him  in  a 
few  words  : — "  Comminciare  dall'  espcrieoza,  e  per  mezzo  di 
(juesta,  scoprirne  la  ragiune."  (^)  In  many  groups  of  phte- 
nomena we  moat,  indeed,  still  content  ourselves  with  a 
deduction  of  empirical  laws ;  but  the  highest  object  of  all 
investigation  into  Uciture,  though  seldom  attained,  is  the 
discovery  of  physical  causes.  (*}  This  is  most  satisfac- 
torily and  conclusively  accomplished,  when  it  is  possible 
to  connect  the  laws  of  ptuenomena  with  the  causes  which 
explain  them,  by  the  intervention  of  mathematical  rea- 
soning. It  is,  however,  only  in  some  particularly  fa- 
voured parts  of  natural  science  that  the  "  physical  descrip- 
tion" coincides  with  the  "physical  explanation  of  tlie 
universe."  The  two  expressions  cannot  yet  be  re^rded 
as  identical.     Tlie  inherent  grandeur  and  solemnity  of  that 
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w  nental  labour,  the  bonndaries  of  which  are  heieby  market!, 

oonsist  in  the  elevating  couaciouaiiess  of  the  infiiiile  nature  of 

the  object  of  its  effort*, — the  comprehension  of  the  unknown 

and  irexhaostible  fulness  of  creation,  whetlier  formed  or  in 

L^cess  of  fonnation,  whether  ciiating  or  t«  De  hereafter 

■developei^l. 

Such  efforts,  acting  throughout  all  ages,  must  have  led 
often,  and  under  many  various  forms,  to  tlie  illusory 
hope  of  having  attained  the  goni,  and  found  the  prin- 
by  which  all  that  is  vnriable  in  the  material 
irse,  the  totality  of  all  the  phBenomena  which  are  cog- 
sable  by  the  senses,  might  be  explained.  After  a  long 
period  in  which,  in  conformity  with  the  earljr  fundatnental 
mode  of  contemplation  of  the  Hellenic  national  mind,  the 
forming,  transforming,  and  destroying  forces  of  nature  had 
been  honoured  as  divine  or  spiritual  powers,  dollied  in 
Unman  fonus,  ('"}  there  became  developed  amidst  the  pliy- 

^liological  fancies  of  the  Ionic  school  the  germ  of  a  sciejitific 
Donlemplation  of  Nature.  The  first  cause  of  ail  phsenomena 
na  explained  in  two  different  direcliona{'i),  sometimes  ac- 
OQrding  to  mechanical,  and  sometinies  according  to  dynamic 
?iew8,— from  the  assumption  of  concrete  corporeal  princi- 
ples called  "  elements  of  nature,"  or  from  processes  of 
rarefaction  and  condensation.  The  hypothesis,  primarily 
perhaps  of  Indian  origin,  of  four  or  five  substantially  dif- 
ferent dements,  has  continued,  from  the  didactic  poem  of 
Empedocles  to  the  most  recent  times,  to  mingle  itself  wiih 
aH  systems  of  natural  pliDosopliy,  forming  an  evidence  and 
mODnment  of  high  antiquity  of  man's  desire  to  seek  for  the 
generalisfltion  and  simplification  of  ideas,  not  only  in  forces, 
but  also  in  the  qualitative  essences  of  substances. 

In  the  later  development  of  the  Ionic  physiology,  Anas- 
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Bgoras  of  Clazomene  passed  from  the  assumption  of  ma- 
terial forces  to  the  idea  of  a  Spirit,  distinct  from  all  matter 
bnt  iDtermised  with  all  its  homogeneous  ultimate  particles. 
He  spoke  of  the  world- regulating  Mind  (coSg)  governing  the 
continually  progressive  formation  of  the  Universe,  and  being 
the  original  cause  of  all  motion,  and  thus  of  all  physical 
pheenomena.  It  is  by  the  assumption  of  a  centritiigal  re- 
volving movement  (^^),  by  whose  intermission,  previously 
noticed,  he  accounts  for  the  fall  of  meteoric  stones,  that 
Anaxagoras  explains  the  apparent  motion  of  the  celestial 
sphere  from  East  to  West.  This  hypothesis  indicates  the 
commencement  of  vortex-theories,  which  more  than  two 
thousand  years  afterwards  be&ime  of  much  eosmical  im- 
portance by  the  writings  of  Descartes,  Huygcns,  and  Hooke. 
This  work  is  not  the  place  in  which  to  enquire  whether 
Anasagoras  means  by  the  "  world-regulatiug  Mind"  the 
Godhead  itself,  or  whether  he  only  means  to  speak  pan- 
theistically  of  a  spiritual  principle  in  the  general  life  of 
.    Nature.  C^) 

In  marked  contrast  with  the  two  divisions  of  the  Ionic 
School,  though  likewise  embracing  the  whole  Universe,  is 
the  mathematical  symbolism  of  the  Pythagoreans.  In  the 
phBenomena  of  the  Universe,  their  regards  were  fixed  ex- 
clusively on  the  dominion  of  law  in  the  determination  of 
form  (the  five  fundamental  forms) ;  and  on  the  ideas  of 
number,  measure,  harmony,  and  antithesis.  To  them, 
things  were  mirrored  ia  numhers,  which  are  as  it  were  nn 
"imitative  representation"  Qi/^i(<"c}  thereof.  They  savin 
the  illimitability  of  jiumbers,  inasmuch  as  they  can  be 
endlessly  repeated  and  increased,  the  character  of  eternity, 
and  of  the  inEnitude  of  Nature.     They  considered  that  the 
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aice  of  things  may  be  known  by  ratios  of  nQmbers,  aad 
Ibai  tUteniioaa  and  transfonnatioiis    tn  eombiiutioDS   of 
unbeis.     Pkto'a  Phtsics  also  cofltaia  attempts  to  ndnce 
[  the  essences  of  substances  in  tbe  luuTerse,  and  their 
padations  of  changes,  to  corpoRal  fbnns;  and  these  to  tl^ 
mplest  (triangular)  plane  figores.  (■*]      Bat  what  the  ulli- 
ate  prindples  (as  it  vere  the  dements  of  the  elements) ,  mar 
^  "  this,"  said  Plato,  with  modest  difGdence,  "  is  known  to 
od  alone,  and  to  whomfo  is  beloved  bj  Him  among  men." 
his  mathematical  treatment  of  phjsical  phEiiom^ia,  the 
nnation  of  atomic  doctrines,  the  philosophv  of  measore 
iod  of  harmouT,  have  continaed  to  a  late  puiod  to  inlla- 
nce  the  development  of  the  natoral  sciences  :   they  have 
bo  eontribated  to  lead  fandful  discoveien  astm  frcaa  the 
rae  road,  into  bj-paths  which  it  may  be  requisite  to  notice 
1  the  history  of  the  physical  contemplation  of  the  Vnirene- 
■There  dweHs  a  peculiar  and  fiascinatiug  chann  recognised 
jr  all  sntiqui^  in  the  simple  relations  of  time  and  space 
I  manifested  in  tones,  numbers,  and  lines."  (") 
The  idea  of  the  oider  and  government  of  theT7ni  verse  shines 
forth  pure  and  exalted  in  the  writings  of  Aristotle,    All  the 
phBnomena  of  Nature  aie  described  in  the  "Auscultationes 
^—fbysicte"  as  moving  vital  activities  of  a  Universal  Power. 
^■Dn  the  "  unmoved  Motor  of  the  World  depend  Heaven  and 
^Bfature,"  ('*) — Nature  being  the  terrestrial  sphere  of  phse- 
Domena.     The  "  Orderer,"  and  the  final  cause  of  aJI  alte- 
rations which  can  be  perceived,  mu»t  he  r^arded  as  imper- 
ceptible to  sense,  as  distinct  from  all  matter.  ('^)       Unity 
1  the  differeul  manifestations  of  force  in  substances  is  raised 
Kj  Aristotle  to  the  rank  of  a  leading  principle,  and  these 
dfe^ations  of  force  are  tbemsdvcs  always  reduced  to 
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conjectures  respectiug  the  movement  of  the  fixed  at&ra, 
the  planetary  nature  of  comets,  aad  the  deviation  of  the 
figure  of  the  Earth  from  that  of  a  perfect  sphere.  (^}  Gre- 
dan  antiquity  is  also  full  of  such  uranological  divinations, 
which  have  been  subsequently  rralised. 

In  the  developmeat  of  thought  respecting  cosaiical  relations 
of  which  the  leading  forms  and  epooiis  have  been  here  enume- 
ratedjit  was  Kepler  who,  fully  78  veara  before  the  publication 
of  Newton's  immortal  work,  of  (be  "  Priucipia  Philosophias 
naturalis,"  came  nearest  to  a  mathematical  application  of 
the  doctrine  of  gravitation.  Although  the  Eclectic  Sim- 
plicius  expressed  in  a  general  maimer  that  "  the  non-felling 
of  the  heavenly  bodies  was  caused  by  the  centrifugal  force 
liaving  the  upper  hand  of  the  proper  falling  force,  the  down- 
ward traction;" — although  John  Piiiloponus,  a  disciple  of 
Ammoniua,  the  son  of  Hermeas,  ascribed  the  movements  of 
the  heavenly  bodies  "  to  a  primitive  impetus  and  to  the  con. 
tinued  tendoncy  to  fall ;" — and  although  Copernicus,  as  was 
noticed  in  an  earlier  part  of  the  present  work,  describes  the 
merely  general  idea  of  gravitation,  as  it  acta  in  the  Sun  as 
the  centre  of  the  planetary  world,  and  in  the  Earth  and 
Moon,  in  these  remackable  words :  "  Gravitatem  non  aliud 
esse  quam  appetentiam  quandam  iiaturalem  partibua  inditam 
a  divina  providentia  opificis  universorum,  ut  in  nnilatem 
integritatemque  aaara  sese  conferant,  in  formam  globi  co- 
eunt«a ;"  yet  it  is  in  Kepler,  in  the  Introduction  to  the 
book  "De  Stella  Martis,"(3')  that  we  first  find  numerical 
quantities  assigned  to  the  attracting  forces  which  the  Earth 
and  the  Moon  exercise  upon  each  otlier  in  the  ratio  of  their 
masses.  It  distinctly  adduces  the  ebb  and  flow  of  the  sea 
(3^)  as  a  proof  that  the  attracting  power  of  the  Moon,  (virtus 
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traotoria)  extends  ae  &r  aa  the  Earth;  And  he  even 
that  this  force,  "similar  to  that  which  the  magnet  excrcisis 
H]K)ii  iron,"  wjuld  deprive  the  Earth  iif  waler,  if  tiie  Earlli 
itstlf  ocAsed  to  attract  the  water.  Unfortunately,  ten  year? 
later,  in  1619,  this  great  man,  perhaps  out  of  deference  to 
Gnlileo,  who  ascribed  the  ebb  and  flow  to  the  rotntinii  of  the 
Earth,  gave  up  the  tmo  explnnntion,  and  in  the  Uannonioe 
Mundi  described  the  Earth  as  n  living  animal  whose  wlkJe- 
like  respirations,  in  periodical  alternations  of  sleeping  and 
waking  de|)endeut  on  tlie  solar  time,  cause  the  swelling  and 
sinking  of  the  ocean.  The  profound  matliemHtical  genius, 
recognised  bj  Laplace,  which  shines  forth  in  one  of  Kepler's 
wrilings  {"),  makes  us  regret  tliat  the  discoverer  of  the  tliree 
great  laws  of  all  planetary  movement  did  not  persevere  in 
the  path,  in  which  his  views  respecting  the  attraction  of 
masses  had  led  him  to  enter. 

Descartes,  furnished  with  a  greater  variety  of  knowledge 
in  the  natural  science?  than  Kepler,  and  himself  the  founder 
of  several  parts  of  a  mathematical  system  of  physics,  under- 
took to  embrace  the  wheJe  world  of  phsnomena,  the  oe- 
leslial  sphere,  and  nil  that  he  knew  of  animate  and  inanimate 
terrestrial  Kature,  in  a  work  to  which  he  gave  the  names  of 
"Tnuti  du  Monde"  and  "Summa  Philosophiie"  The 
ot^nizatiou  of  animals,  and  particularly  that  of  man,  for 
the  understanding  of  which  he  pursued  for  eleven  years  a 
systematic  course  of  anatomical  study,  {^)  was  to  form  the 
concluding  portion  of  the  work.  In  his  correspondence 
wilh  Father  Mersenne,  we  find  many  complaints  of  the 
elow  progress  of  the  undertaking,  and  of  the  difficulty  of 
arrrtngiiig  and  combining  such  numerous  materials.  This 
Cosmos,   which  Descartes   always   called  his   World  (son 
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Moude),  was  finally  to  havu  been  sent  to  preaa  at  the  con- 
clusion of  1633j  but.  the  report  of  the  seutentie  passed  upon 
Galileo  in  the  InquisitioD  at  Rome  (which  was  only  made 
known  four  months  later,  in  October,  1633,  by  Qassendi 
and  Bouillaud),  airested  its  progress,  and  deprived  the 
world  of  a  great  work,  executed  with  so  much  labour  and 
care.  The  motives  for  its  n  on -publication  were  the  love  of 
a  quiet  and  peaceful  life  in  his  retirement  at  Deventer,  and 
a  pious  anxiety  not  to  shew  himself  disrespectful  to  the 
Pope's  decree  against  the  Earth's  planetary  motion,  (^^) 
It  was  not  until  1664,  fourteen  years  after  the  philosopher's 
death,  that  some  fragments  of  the  work  were  printed 
under  the  strange  title  of  "  Le  Monde,  ou  Traitt  de  la  Lu- 
mi&re."  (^*)  Tlie  three  ch'ipters  which  treat  of  Light  hardly 
form  a  fourth  part  of  the  whole.  On  the  other  hand  the 
sections  whicli  belonged  originally  to  Descartes'  Cosmos, 
fiTid  contained  considerations  on  the  motion  and  solar  distance 
of  the  planets,  on  terrestrial  uifigiietism,  on  tides,  and  tm 
earthquakes  and  volcanoes,  were  transferred  to  the  third 
and  fourth  parts  of  the  eelebratfld  work  entitled  "  Principes 
de  la  Philosophie." 

The  "  Kosmotheoros"  of  Huygens,  wliich  was  not  pub- 
lished until  after  his  death,  notwithstanding  its  high-sound- 
ing and  significant  name,  hardly  deserves  to  be  mentioned 
in  this  enumeration  of  cosmical  essays.  It  contains  the 
dreams  and  conjectures  of  a  great  man  on  the  vegetable  and 
animal  worlds  of  distant  heavenly  bodies,  and  especially  ou 
the  altered  forms  under  which  mankind  may  appear  there. 
One  seems  to  be  reailing  Kepler's  "  Somnium  Aatronomi- 
cum,"  or  Kircher's  "  Ecstatic  Journey."  Aa  Huygens  al- 
ready, like  the  astronomers  of  the  present  day,  allowed  to 
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the  Moon  neither  air  nor  watefj  ('^)  he  finda  the  supposed 
existence  of  Imwr  men  present  to  him  still  greater  diffi- 
culties than  tliat  ot  the  inhabitants  of  the  remoter  pWets 
"rich  in  clouds  and  vaiK>ur." 

The  iminortal  author  of  the  Piiilosophise  Naturiilis  Prin- 
cipia  Uatheinatica,  succeeded,  by  the  assumption  of  a  single 
all-governing  fundamental  moving  force,  in  embracing  the 
whole  uranological  portion  of  the  Cosmos  in  the  causal 
connpction  of  its  phicuomena.  Newton  first  raised  physical 
astronomy  to  a  mathematical  scienoe,  and  made  it  the  solu- 
tion of  a  great  problem  of  mechanics.  The  quantity  of 
inatter  in  ea'.'h  heavenly  body  gives  the  measure  of  its  at- 
tracting force,  a  force  which  acts  in  the  inverse  ratio  of  the 
sqaare  of  tlic  distance,  and  determines  the  magnitude  of  the 
perturbing  actions  which  not  only  the  planets,  but  all  the 
ieavenly  bodies  in  space,  exert  upon  each  other.  But  the 
TIewtonian  theorem  of  gravitation,  so  admirable  for  simpli- 
city and  generality,  is  not  hmit^d  in  its  cosmical  application 
to  the  sphere  of  uranology ;  it  governs  also  terrestrial  phie- 
nomena  in  directions  still  partly  uninvestigated ;  it  gives 
the  key  to  periodic  movements  in  the  ocean  and  in  the 
atmosphere,  (3 8 J  to  the  solntion  of  problems  of  capdlarity, 
endosmose,  and  many  chemical  electro -magnetic  and  organic 
Newton  himst'If('*)  already  distinguished  llie 
1*  attraction  of  mass,"  as  it  manifests  itself  in  all  celeslial 
1}odies  and  in  the  pliEenomena  of  the  tides,  from  "  molecular 
attraction,"  which  acts  at  infinitely  small  distances  and  in 
the  closest  contact. 

ITius  among  all  human  efforts  to  reduce  all  variations 
taking  place  in  the  world  known  to  us  through  our  senses 
to  a  single  fundamental  principle,  the  doctrine  of  gravita- 
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lion  shews  itself  the  most  comprehensive  aud  the  most  rich 
in  cosniical  promise.  It  is  indeed  true,  notwithstanding 
the  brilliant  progress  made  in  modern  times  in  Stiscliiometry 
(calculation  of  chemical  elements  and  of  the  rstioa  of  volume 
in  compound  gases),  we  are  not  j-et  able  to  reduce  all 
theories  of  substances  to  a  matbematical  explanation.  Em- 
pirical laws  have  been  discovered,  and  in  following  the 
widely  extended  views  of  the  atomic  or  of  the  corpuscula, 
philosophy,  many  things  have  been  rendered  more  accessible 
to  mathematical  treatment ;  but  from  the  boundless  hetero- 
geneity of  matter,  and  the  multifarious  conditions  of  aggre- 
gation of  what  are  called  the  particles  of  mass,  the  demon- 
strations of  these  empirical  laws  can  as  yet  by  no  means  be 
iferived  from  the  theory  of  "  contact  attraction,"  with  the 
same  certainty  as  is  efl'ected  by  the  establishment  of 
Kepler's  three  great  laws  on  the  basis  of  the  theory  of 
"  mass  attraction"  or  gravitation. 

Yet,  after  Mewton  had  recognised  all  the  motions  of  the 
heavenly  bodies  as  consequences  of  one  single  force,  he  did 
not,  with  Kant,  regard  gravitation  itself  as  an  essential  pro- 
perty of  matter,  (*")  but  as  either  derived  irom  a  higher 
force  still  unknown  to  him,  or  as  the  result  of  a  "revolving 
of  the  Ether  which  fills  all  apace,  and  is  more  rare  in  the 
intervals  between  the  parEicles  of  mass,  and  increasea  in 
density  outwards."  The  latter  view  is  developed  in  detail 
in  a  letter  to  Eobert  Boyle,  {*')  dated  aSth  Eebruaiy,  1678, 
which  ends  with  the  words,  "  I  seek  in  the  Ether  tlie  cause 
of  gravitation,"  Eight  years  later,  as  mny  be  seen  from  a. 
letter  to  Halley,  Newton  gave  up  this  hypothesis  of  denser 
and  rarer  Ether  altogether.  {*^]  It  is  a  striking  circumstance 
that,  in  1717,  nine  years  before  his  death,  in  the  extremely 
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t  preface  to  the  second  edition  of  his  Optics,  he  thought 
it  neceasary  to  declare  exphcitly  that  he  by  no  means  rc- 
g).Tded  gravitation  as  an  "  essential  property  of  bodies" :  (*^) 
vhile  more  than  a  century  before,  in  1600,  Gilbert  bad 
wed  magnetism  as  a  force  inherent  in  all  matt^ir.  So 
ich  did  the  most  profound  uf  thinkera,  Newton  himself, 
the  ever  leaned  so  strongly  to  experience,  hesitate  in  respect 

"uUimat«  mechanical  cause"  of  motion. 
'  The  establishment  of  a  science  of  Nature,  from  the  laws 
E«  gravity  up  to  the  formative  impulse  in  animated  bodies, 
B  one  organic  Whole,  is  no  doubt  a  brilliant  problem,  and 
e  worthy  of  the  human  intellect ;  but  the  imperfect  state 
of  so  many  parts  of  our  knowledge  places  insuperable  diffi- 
culties in  the  way  of  its  solution.  Tlie  impossibility  of 
complete  experimental  knowledge,  in  a  boundless  sphere  of 
observation,  renders  the  problem  of  explaining  ali  the 
changes  of  matter  from  the  powers  of  matter  itself  an  "  in- 
determinate poblem."  What  is  perceived  is  far  from 
exhausting  what  is  perceivable.  If,  tn  recall  only  the  pro- 
gress of  the  time  nearest  to  our  own,  we  compare  the 
imperfect  knowledge  of  nature  possessed  by  Gilbert,  Kobert 
I  Boyle,  and  Hales  with  the  present,  and  if  we  remember 
^at  the  rate  of  progress  is  a  rapidly  increasing  one,  we  may 
have  some  idea  of  the  periodical  endless  transformations 
which  still  await  all  the  physical  sciences.  New  substances 
&nd  new  powers  will  be  discovered.  Even  though  many 
natural  processes,  as  those  of  bght,  heat,  and  electro-mag- 
netism, being  reduced  to  movement  (undulations),  have 
become  accessible  to  mathematical  treatment,  yet  there 
remain  the  often  referred  to,  and  perhaps  unconquerable, 
problems  of  the  cause  of  cheinical  diversity  of  substance. 


I 


24      SPECIAL  RESULTS  OF  OBSERVATION  IN  THE  DOMAIN 

and  of  the  order  and  proportions,  seemingly  not  reducible  to 
any  laws,  of  the  magnitudes,  densities,  inclinations  of  axis, 
and  eccentricities  of  orbit  of  the  planets,  the  numbers  and 
distances  of  their  satellites,  the  form  of  continents,  and  the 
position  of  their  loftiest  mountain  chains.  All  these  cir- 
cumstances (having  reference  to  space  geographical  or  celes- 
tial), which  are  here  instanced  merely  as  examples,  can  as 
yet  only  be  regarded  as  natural  facts,  of  which  we  know  the 
existence  but  not  the  explanation.  But  although  neither 
the  causes  nor  the  connection  of  these  facts  are  yet  known 
to  us,  I  do  not  therefore  term  them  in  any  sense  accidental. 
They  are  doubtless  the  results  of  events  or  occurrences  in 
space  at  the  time  of  the  formation  of  our  planetary  system, 
and  of  geological  phsenomena  which  accompanied  or  pre- 
ceded the  elevation  of  the  outermost  strata  of  our  globe 
into  continents  and  mountain  chains.  Our  knowledge  of 
the  early  period  of  the  physical  history  of  the  Universe  does 
not  reach  back  far  enough  to  enable  us  to  describe  that 
which  exists  in  its  process  of  formation.  (**) 

But  although  it  has  not  yet  been  possible  in  all  cases 
fully  to  recognise  the  causal  connection  between  phsenomena, 
no  part  of  the  domain  of  the  natural  sciences  can  be  ex- 
cluded from  the  study  of  the  Cosmos,  or  the  physical  de- 
scription of  the  Universe.  Rather  that  study  comprehends 
the  wliole  of  such  domain,  the  phsenomena  of  both  spheres, 
celestial  and  telluric ;  but  it  does  so  only  under  the  single 
point  of  view  of  the  tendency  towards  the  recognition 
of  the  Universe  as  a  Whole.  (*^)  As,  in  the  description 
of  what  has  taken  place  in  the  moral  and  political 
sphere,  the  historian  (*^)  cannot  directly  discern,  accord- 
ing to  man^s  view,  the  plan  of  the  government  of  the  world. 
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but  can  only  divine  it  through  the  ideas  by  which  it 
manifests  itself;  so  the  investigator  of  nature,  in  seeking 
to  present  cosmical  relations,  is  penetrated  by  the  convic- 
tion that  the  number  of  impelling,  forming,  and  producing 
powers  or  forces  of  the  material  universe,  is  far  indeed 
from  having  been  exhausted  by  the  results  hitherto  ob- 
tained, either  by  inmiediate  observation,  or  by  the  analysis 
of  phsenomena. 


VOL.  III. 
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A. 


RESULTS  OF   OBSERVATION    IN   THE    URANOLOGICAL  PORTION 
OF  THE  PHYSICAL  DESCRIPTION  OF  THE  UNIVERSE. 

We  commence  afresli  with  the  depths  of  space  and  with  the 
remote  sporadically-scattered  clusters  of  stars  which  present 
themselves  to  telescopic  vision  as  faintly  shining  nebulae. 
We  descend  step  by  step  to  the  double  stars,  often  of  two 
different  colours,  which  revolve  around  a  common  centre  of 
gravity ;  to  the  nearer  strata  of  stars,  one  of  which  appears 
to  include  our  planetary  system ;  and  lastly,  through  this 
planetary  system  to  the  air-  and  sea-surrounded  spheroid 
which  we  inhabit.  I  have  noticed  in  an  earlier  volume,  in 
the  introduction  to  the  general  picture  of  Nature,  (*^)  that  this 
order  is  the  only  one  which  is  suitable  to  the  particular 
character  of  a  work  which  treats  of  the  Cosmos ;  in  contradis- 
tinction to  an  arrangement  more  directly  accordant  with  the 
imme  diate  perceptions  of  sense,  which  should  begin  with  our 
terrestrial  dwelling-place  and  the  organic  creation  by  which 
its  surface  is  enlivened,  and  should  i)roceed  from  the  appa- 
rent to  the  real  motions  of  the  heavenly  bodies. 

The  uranological  domain,  as  opposed  to  the  telluric,  di- 
vides itself  conveniently  into  two  portions :  one  of  which 
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indudes  Astrognosy,  or  the  heaven  of  the  fixed  stars ;  and 
the  other,  our  solar  and  planetary  system.  The  imperfect 
and  unsatisfactory  character  of  this  nomenclature  and  these 
definitions  need  not  be  again  dwelt  on  here.  Names  were 
introduced  into  the  natural  sciences  before  the  true  dif- 
ferences and  distinctions  between  objects  were  sufficiently 
known.  (*®)  Such  questions  are,  however,  of  less  importance 
than  the  connection  of  ideas,  and  the  order  in  which  the 
objects  are  to  be  treated ;  whilst  novelties  in  the  names  of 
groups,  and  the  diversion  of  names  in  frequent  use  from  the 
signification  they  have  hitherto  borne,  are  objectionable,  as 
tending  to  perplexity  and  confusion. 

a.  Astrognosy  [heaven  of  the  Jixed  stars). 

Notiung  in  space  is  in  repose ;  not  even  what  are  called 
the  fixed  stars,  as  Halley(^^)  first  attempted  to  shew  in  the 
case  of  Sirius,  Arcturus,  and  Aldebaran,  and  as  has  been 
proved  incontestably  in  modem  times  in  the  case  of  many 
other  stars.  In  the  course  of  2100  years  of  observation 
(since  Aristillus  and  Hipparchus),  the  bright  star  Arcturus 
has  altered  its  place,  relatively  to  the  neighbouring  fainter 
stars,  as  much  as  two  and  a  half  times  the  diameter  of  the 
moon.  Encke  remarks  that  the  star  /x  in  Cassiopea  would 
appear  to  have  moved  three  and  a  half  times,  and  the  star  61 
Cygni  six  times,  the  diameter  of  the  moon  from  their  respec- 
tive places,  if  we  regard  the  old  observations  as  sufficiently 
exact  to  justify  the  conclusion.  Inferences  based  on  analogies 
support  the  conjecture  that  progressive,  and  probably  also 
rotatory,  motion  exists  everywhere.  The  name  "fixed  star" 
leads  to  erroneous  suppositions ;  whether  it  be  takea  in  its 
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first  signification  among  the  Greeks  of  set  or  fixed  in  the 
crystal  firmament,  or  according  to  the  later  and  more  Eoman 
interpretation  of  steadfast,  resting,  and  immoveable.  One 
of  these  ideas  necessarily  implied  and  led  to  the  other.  In 
Grecian  antiquity  (at  least  going  back  as  far  as  Anaxi- 
menes,  who  belonged  to  the  Ionic  school,  or  as  the 
Pythagorean  Alcmseon),  all  the  stars  or  heavenly  bodies  were 
divided  into  moving  {&ffrpa  irXavwiieva  or  irXaviyra)  and  non- 
moving     stars    {dirXaveiQ    atrriptQ    or     dvXavii   Aarpa).  (^) 

Besides  this  latter  generally  employed  term,  wb'ch  Macrobius 
latinises  in  the  Sonmium  Scipionis  by  Sphsera  aplanes,(**) 
we  find  in  Aristotle  repeatedly  (as  if  he  wished  to  in- 
troduce a  new  technical  term)  the  name  of  eph^efxiva  Atrrpo 
instead  of  oTrXav^.  (*2)  IVom  this  form  of  expression  there 
followed,  with  Cicero,  sidera  infixa  coelo ;  with  Pliny,  stellas 
quas  putamus  afiBxas ;  and  with  Manilius,  even  astra  fixa, 
just  like  our  ^'  fixed  stars/'  (*3)  The  idea  of  being  fixed  or 
set  in  the  solid  sky,  led  to  the  secondary  implied  idea  of 
immobility,  or  "  remaining  fixed  in  one  place ;"  and  thus,  in 
Latin  versions,  throughout  the  whole  middle  ages,  the  original 
meaning  of  the  word  infixum  or  afiixum  sidus,  was  gradually 
set  aside,  and  the  idea  of  immobility  alone  retained.  We 
find  the  impulse  to  this  already  given  in  the  highly  rhe- 
torical passage  of  Seneca  (Nat.  Quaest.  vii.,  24),  on  the 
possibility  of  discovering  new  planets :  ''  credis  autem  in 
hoc  maximo  et  pulcherrimo  corpore  inter  innumerabiles 
Stellas,  quae  noctem  decore  vario  distinguunt,  quae  aera 
rainime  vacuum  et  inertem  esse  patiuntur,  quinque  solas 
esse,  quibus  exercere  se  liceat ;  ceteras  stare  Jiamm  et  im- 
mobilem populum  f  This  "quiet,  immoveable  people''  is 
nowhere  to  be  found. 
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In  order  to  divide  conveniently  into  groups  the  principal 
results  of  actual  observation^  and  the  conclusions  or  con- 
jectures to  which  they  lead,  I  propose  to  distinguish,  in  the 
astrognostic  portion  of  the  description  of  the  Universe,  the 
following  heads : — 

I.  Considerations  on  space,  and  on  what  is  supposed  to 
occupy  it. 

n.  Natural  and  telescopic  vision;  the  scintillation  of  stars ; 
the  velocity  of  light;  and  photometric  experiments  on  the 
intensity  of  sidereal-  light. 

ni.  Thenumber,  distribution,  and  colour  of  stars;  clusters 
of  stars ;  and  the  milky  way,  in  which  are  only  a  few  nebulae. 

IV.  Newly  appeared  stars;  vanished  stars;  and  stars 
which  vary  periodically. 

V.  The  proper  motion  of  the  fixed  stars;  the  problematical 
existence  of  dark  bodies ;  the  parallax  and  measured  distance 
of  some  fixed  stars. 

VI.  Double  stars,  and  their  periods  of  revolution  round  a 
common  centre  of  gravity. 

VII.  Nebulse,  which  in  the  Magellanic  clouds  are  inter- 
mixed with  many  clusters  of  stars ;  and  the  black  spots  oi 
patches  in  the  sky  ("  coal-bags''). 
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I. 


CXWMIOAL     SPACE,     AND     CONJECTURES     KESPBCTING    WHAT 
APPEARS  TO  OCCUPY  THE  INTERVALS  BETWEEN  THE 

HEAVENLY  BODIES. 

We  may  in  some  respects  view  a  commencement  of  the  phy- 
sical description  of  the  Universe,  by  the  consideration  of 
what  fills  the  intervals  between  the  stars  in  the  remote  re- 
gions of  space  and  remains  inaccessible  to  our  organs,  in 
the  same  light  as  mythical  commencements  of  the  world's 
history.  In  infinite  space,  as  in  infinite  time,  everything 
appears  in  uncertain  and  often  illusive  twilight.  Imagi- 
nation is  then  doubly  stimulated  to  draw  from  her  own 
abundance,  and  to  give  to  the  indeterminate  and  varying 
forms  outline  and  duration.  (**)  Such  an  avowal  may,  I 
hope,  suffice  to  shield  me  from  the  reproach  of  having 
confounded  what  direct  observation  or  measurement  have 
raised  to  mathematical  certainty,  with  what  rests  only 
on  very  imperfect  induction.  Wild  reveries  belong  to 
the  romance  of  physical  astronomy:  nevertheless,  minds 
exercised  in  scientific  labour  may  dwell,  not  without 
pleasure,  on  questions  which,  in  connection  witb  the  present 
state  of  our  knowledge  and  the  hope  which  this  state  excites, 
have  been  deemed  by  some  of  the  most  distinguished 
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astronomers  of  ihe  present  daj  worthy  of  serious  exami- 
nation. 

It  may  be  assumed  with  great  probability  that  we  are  in 
oommonication^  tnmtigh  the  influence  of  gravitation  and 
through  light  and  ra^ant  heat,(^)  not  only  with  our  own 
son^  bnt  also  with  all  the  other  shining  suns  of  the  firmament. 
The  important  discorery  of  the  measurable  resistance  opposed 
by  a  spaoe-filling  fluid  to  a  comet  of  a  five  years'  period  of 
revolution^  has  been  completely  confirmed  by  exact  numerical 
accordances.  Inferences  founded  on  analogies  may  serve  to 
fill  a  part  ot  the  wide  chasm  which  separates  the  assured  re- 
sults of  a  mathematical  natural  philosophy^  from  conjectures 
directed  to  the  eitfeme^  and  tho^fore  obscure  and  desert, 
boundaries  of  all  scientific  development  of  thought. 

From  the  infinity  of  Space^  which  indeed  was  doubted  by 
Anstot]e,(^)  follows  its  immeasurability.  Only  separate 
parts  have  been  accessible  to  measurement ;  and  the  results, 
which  surpass  all  our  powers  of  realisation^  are  brought  to- 
gether with  complacency  by  those  who  take  a  childish  plea- 
sure in  lai^  numbers,  and  even  imagine  that,  by  means  of 
images  of  physical  magnitude  creating  astonishment,  they 
peculiarly  enhance  the  sublimity  of  astronomical  studies. 
The  distance  of  the  star  61  Cygni  from  the  sun  is  657000 
semi-diameters  of  the  earth's  orbit, — a  distance  which  light 
takes  rather  more  than  ten  years  to  traverse,  whilst  it  comes 
from  the  sun  to  the  earth  in  8  minutes  17'78  seconds.  Sir 
John  Herschd  conjectured,  from  an  ingenious  combination 
of  photometric  estimations,  (^7)  that,  supposing  stars  of 
the  milky  way  which  he  saw  glimmer  bi  his  twenty-foot 
telescope  to  be  newly  formed  luminous  bodies,  they  would 
have  required   ^000    years  thus  to  have  sent   us  their 
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first  ray  of  light.    All  attempts  to  bring  such  numerical  re-, 
lations  home  to  our  imaginations  fail,  either  from  the  vast- 
ness  of  the  unit  of  measure  employed,  or  from  the  vastness 
of  the  number  of  its  repetitions.     Bessel  said  very  truly  {^^) 
''that  the  distance  which  light  travels  in  one  year  can  no  more 
be  rendered  sensible  to  us  than  the  distance  which  it  tra- 
verses in  ten  years :  no  endeavours  to  bring  home  to  our  ima- 
gination a  magnitude  far  exceeding  all  magnitudes  accessible 
on  the  earth  are  ever  successful/'    We  find  the  oppressive 
power  of  numbers  exceeding  what  our  conceptions  can  grasp, 
alike  in  the  smallest  organized  beings  of  animal  life,  and  in 
the  galaxy  of  self-luminous  suns  which  we  term  fixed  stars. 
What  a  mass  of  Polythalamia  are  contained,  according  to 
Ehrenberg,  in  a  thin  stratum  of  chalk !    Of  the  microscopic 
Gaillouella  distans,  according  to  the  same  great  inquirer  into 
nature,  a  cubic  inch  of  the  Bilin  polishing  slate,  which  forms 
a  dome  40  feet  high,  contains  41000  millions  of  individuals. 
Of  Gaillonella  ferruginea,  one  cubic  inch  contains  upwards  of 
1  billion  750000  millions.  {^^)      Such  estimations  remind 
us  of  the  Arenarius  (\|/a/z/Ltiri7c)  of  Archimedes,  of  the  grains 
of  sand  which  might  fiU  Space !     If,  in  considering  the 
starry  heavens,  impressions  of  vast  magnitudes  in  space  and 
time,  which  numbers  convey  but  imperfectly,  remind  man  of 
his  smallness  of  stature,  his  physical  weakness,  and  the  ephe- 
meral duration  of  his  earthly  existence, — he  is,  on  the  other 
hand,  cheered  and  invigorated  by  the  consciousness,  that  the 
application  and  development  of  the  human  intellect  have 
already  made  known  to  him  such  important  portions  of  the 
subjection  of  nature  to  definite  laws,  and  so  much  of  the 
sidereal  order  of  the  universe. 

If  we  assume  that  the  spaces  between  the  heavenly  bodies 
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are  not  a  vacuum,  (^)  but  are  filled  with  some  kind  of  matter, 
— as  not  only  the  propagation  of  light,  but  also  a  particular 
effect  of  its  enfeeblement^  as  well  as  the  influence  of  a  resisting 
medium  on  the  period  of  revolution  of  Encke's  comet,  and  the 
dissolution  of  many  vast  tails  of  comets,  appear  to  shew, — it 
is  necessary  to  take  the  precaution  of  reminding  the  reader 
that  the  term  *'  ether*'  now  employed,  and  which  has  come 
to  us  from  the  earliest  south  and  west  Asiatic  antiquity,  has 
not  during  so  many  centuries  always  conveyed  the  same 
ideas.  With  the  Indian  philosophers  the  aether  (aka'sa)  is 
one  of  the  ''pantschata''  or  five  elements,  a  fiuid  of  infinite 
rarity  pervading  the  entire  universe,  and  the  exciter  of  life, 
as  well  ajs  the  medium  of  the  propagation  of  sound.(^i) 
Etymologically,  ''aka'sa*'  signifies,  according  to  Bopp, 
"shining,''  and  therefore  in  its  original  meaning  ap- 
proaches  the  sether  of  the  Greeks  as  nearly  as  '*  shining" 
does  ''burning." 

This  aether  (aidrip),  according  to  the  dogmas  of  the 
Ionian  philosophy,  and  according  to  Anaxagoras  and  Empe- 
docles,  was  altogether  different  from  the  thicker  (denser), 
vapour-filled,  true  air  («»?p),  which  surrounds  the  earth  "  and 
perhaps  extends  to  the  moon.''  It  was  "of  a  fiery  nature, 
a  pure  fiery  atmosphere,  bright  beaming(^2)^  of  great  tenuity 
(rarity)  and  eternal  serenity."  The  etymological  de- 
rivation from  "burning"  (aideiv)  accords  perfectly  with 
this  definition.  Singularly  enough,  out  of  predilection  for 
mechanical  views,  and  referring  to  the  constant  revolving 
motion,  it  was  subsequently  changed  by  Plato  and  Aristotle, 
by  a  play  upon  words,  into  another  derivation,  aei  Bclv.  (63) 
The  idea  of  the  rarity  and  thinness  of  this  upper  air,  the 
aether,  does  not  appear  to  have  been  a  consequence  of  the 
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knowledge  of  the  purer  mountain  air^  comparatively  free 
from  heavy  terrestrial  vapours ;  or  of  the  diminishing  density 
of  the  strata  of  air  with  increasing  height.  As  the  "  elements'' 
of  the  ancients  signify  not  so  much  diversity^  or  even  sim- 
plicity or  indecomposability  of  substance^  as  '^  states  of 
matter/'  the  idea  of  the  upper  aether  (the  fiery  celestial 
atmosphere)  had  its  root  in  the  first  and  normal  antitheses 
of ''heav/' and  "light/' ''under"'  and  "upper/'  "earth" 
and  "  fire."  Between  these  two  extremes  are  two  "  middle 
elementary  states :"  water,  more  nearly  akin  to  the  heavy 
earth;  and  air,  nearer  to  the  hght  fire.(^) 

As  a  space-filling  medium,  the  aether  of  Empedodes  has  no 
analogy,  excepting  by  its  tenuity  and  rarity,  with  the  eth» 
by  whose  transverse  vibrations  modem  physical  science  has 
succeeded  so  happily  in  explaining,  by  pure  mathematical  de- 
duction, the  propagation  of  light  and  all  its  properties 
(double  refraction,  polarisation,  and  interference).  In  the 
natural  philosophy  of  Aristotle  it  was  also  taught  that  the 
sethereidsubstance  pervadedand  penetrated  all  organic  beings, 
plants,  and  animals ;  that  it  became  in  them  the  principle  of 
vital  heat,  and  even  the  germ  of  a  psychical  principle,  which, 
preserving  itself  distinct  from  the  body,  awakened  men  to 
self-activity.  (^^)  These  imaginations  draw  down  the  aether 
from  upper  space  into  the  terrestrial  sphere ;  they  present  it 
as  an  exceedingly  fine  substance  constantly  pervading  and 
penetrating  both  the  atmosphere  and  soUd  bodies,  as  does 
the  ether  iq  the  undulatory  theory  of  light,  according  to  the 
views  of  Huygens,  Hooke,  and  our  present  physicists.  But 
that  which  most  directly  distinguishes  the  two  hypotheses,  the 
ancient  Ionian  aether  and  the  modem  ether,  from  each  other^ 
is  the  original  assumption  (not  altogether  shared,  however^ 
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by  Arislotle),  in  regard  to  the  former,  of  self- luminosity. 
Tlie  upper  tiery  atmosphere  of  Empedoclea  is  expressly 
called  "bright  beaming"  {irafi<^ay6i,iy),unA  in  certnin  phoeno- 
mena  was  supposed  to  be  seen  by  the  inhabitants  nf  the 
enrth  as  the  brightness  of  fire  tlirough  clefts  and  rents 
{jpaiiara)  opened  in  the  firmament.  (^) 

In  the  intimate  relations  between  light,  heat,  electricity, 
and  magnetism,  now  so  much  examined,  it  is  deemed  pro- 
bable that,  as  the  transverse  undulations  of  the  space-filling 
ethej  produce  the  phenomena  of  light,  so  tbennic  and  clectro- 
tnagnetic  phsnomena  depend  on  antilogous  kinds  of  motion 
(currents).  Great  discoverieB  on  these  subjects  atc  no 
doubt  reserved  to  future  times.  Light,  and  radiant  heatin- 
Mparable  from  light,  are,  to  the  uon-lumiiious  cosmical 
bodies,  and  to  thesurfaceofourown  planet,  a  principal  source 
of  motion  and  of  all  organic  life.  (*^)  Even  remote  from 
tiie  surface,  in  the  interior  of  the  crust  of  the  earth,  the  heat 
.vbich  penetrates  inwards  calls  forth  electro-magnetic  cur- 

ita,  which  exercise  their  exciting  influence  on  combina- 
Itions  and  decompositions  of  substances,  upon  all  formative 
activity  in  the  mineral  kingdom,  and  on  the  disturbance  of 
equilibrium  in  the  atmosphere,  as  well  as  on  the  fund  ions  of 
?egetable  and  animal  organisms.  If  electricity  movingincur- 
tents  developea  magnetic  forces, — if,  according  to  an  earlier 
)iypothe,'<is  of  Sir  William  Herschel,(^*)  the  sun  itself  is  in 
the  condition  "  of  a  perpetual  Aurora"  (1  should  say  of  an 
electro- magnetic  storm),  it  would  not  appear  an  inappropriate 
conjecture  to  suppose  that  in  space  also,  the  light  of  the  sun, 
propagated  by  vibrations  of  the  ether,  may  be  accompanied 
by  electro-magnetic  currents. 

It  is  true  that  in  terrestrial  magnetism  direct  observation 
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of  the  periodical  variations  of  declination^  inclination,  and 
force,  has  not  as  yet  disclosed  with  certainty  any  influence 
from  the  different  positions  either  of  the  sun  or  of  the  nearer 
moon.*  The  magnetic  polarity  of  the  earth  does  not  shew 
oppositions  which  relate  to  the  sun,  and  are  sensibly  affected 
by  the  precession  of  the  equinoxes.  {^^)  Only  the  re- 
markable varying  direction  of  the  cone  of  light  which 
streamed  from  Halle/s  comet,  and  which  Bessel  observed 
from  the  12th  to  the  22d  October,  1835,  and  sought  to 
interpret,  had  persuaded  that  great  astronomer  of  the  exis- 
tence of  a  polar  force, — "  of  the  action  of  a  force  differing 
materially  from  gravitation  or  the  ordinary  attracting  power 
of  the  sun,  since  those  portions  of  the  comet  which  form 
the  tail  experience  the  effect  of  a  repelling  force  from  the 
body  of  the  sun.''(70)  The  fine  comet  of  1744,  wliich  was 
described  by  Heinsius,  had  also  given  occasion  to  similar 
conjectures  on  the  part  of  my  deceased  friend. 

The  action  of  radiant  heat  is  regarded  as  less  problematical 
than  electro-magnetic  agencies  in  space.  According  to 
Fourier  and  Poisson,  the  temperature  of  space  is  the  result  of 
the  radiation  of  heat  from  the  sun  and  all  the  heavenly 
bodies,  diminished  by  the  absorption  which  the  heat  suffers 
in  traversing  space  filled  with  "  ether.'' (7^)  The  "heat  of  the 
stars''  was  spoken  of  on  many  occasions  by  the  ancients 
(the  Greeks  and  Romans) ;  (72)  not  merely  because,  accord- 

*  [Since  this  passage  was  printed  in  the  German  original,  the  Philoso- 
phical Transactions  for  1849  have  reached  M.  de  Humboldt,  containing  a 
memoir  in  which  it  is  shown  that  the  magnetic  observations  made  in  different 
hemispheres,  (at  Toronto  in  Canada,  and  at  Hobarton  in  Van  Diemen  Island), 
concur  in  indicating  that  the  terrestrial  magnetism  does  undergo  an  annual 
fariation  connected  with  the  sun^s  position  relatively  to  the  earth. — Ed.] 
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ing  to  a  widely  prevalent  opinion^  the  stars  belonged  to  the 
r^on  of  the  fiery  eether^  but  because  they  are  themselves  of 
a  fiery  nature  :(73)  and  Aristarchus^  of  Samos,  even  taught 
that  the  fixed  stars  and  the  sun  are  of  the  same  nature.  In 
very  recent  times^  through  the  influence  of  the  two  great 
French  mathematicians  who  have  just  been  named^  the  in- 
terest of  an  approximate  determination  of  the  temperature  of 
space  has  been  more  strongly  felt^  as  it  has  at  length  been 
perceived  how  important^  on  account  of  the  radiation  of  heat 
from  the  earth's  surface  to  the  heavens^  was  this  deter- 
mination in  respect  to  all  thermic  relations,  and,  one  might 
even  say,  to  the  habitability  of  our  planet.  According  to 
Fourier's  analytical  theory  of  heat,  the  temperature  of  space 
[des  espaces  plan^taires  ou  celestes)  is  somewhat  below  the 
mean  temperature  of  the  Pole,  or  perhaps  even  somewhat 
below  the  lowest  temperature  hitherto  observed  in  the  Polar 
r^ons.  Fourier  estimates  it  accordingly  at  from— 50°  to 
-60°Cent.  (-58°to-76°Fah.)  The  point  of  greatest  cold 
(pole  glacial)  no  more  coincides  with  the  pole  of  the  earth 
than  does  the  ''thermal  equator"  (which  connects  the  warmest 
points  on  ail  meridians)  with  the  geographical  equator. 
Arago  concluded  the  temperature  of  the  north  pole,  from 
the  gradual  decrease  of  mean  temperatures,  to  be  —25°  Cent. 
(—13°  r.) ;  the  maximum  cold  observed  by  Captain  Back, 
in  January  1834,  at  Fort  Reliance  (lat.  62°  46'),  was 
-56°-6'  C.  (-69°-88  F.)  (74)  The  lowest  known  tempera- 
ture  is,  I  believe,  that  which  Neveroff  observed  on  the  21st 
of  January,  1838,  at  Jakutsk  (lat.  62°  2').  The  accurate 
Middendorff  had  compared  the  observer's  instruments  with 
his  own.  Neverofif  found  the  temperature  on  the  day  in 
question,  -60°  Cent.  (-76°  F.) 
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Among  the  many  grounds  of  uncertainty  in  respect  to  a 
numerical  result  for  the  thermic  condition  of  space^  is  the 
circumstance^  that  we  cannot  yet  obtain  a  mean  of  the  points 
of  greatest  cold  of  the  two  hemispheres^  as  we  are  still  so 
little  acquainted  with  the  meteorology  of  the  southern  hemi- 
sphere, which  must  bear  its  part  in  determining  the  mean 
annual  temperature.  Foisson^s  view,  that,  owing  to  the  un- 
equal distribution  of  heat-radiating  stars,  different  regions  of 
space  must  have  a  very  different  temperature,  and  that,  from 
the  movement  of  the  whole  solar  system,  our  globe  in  tra- 
versing warm  and  cold  regions  has  received  its  internal  heat 
from  without,  (75)  appears  to  me  to  have  a  very  low  d^ree 
of  physical  probability. 

The  question  whether  the  thermal  condition  of  space, 
or  the  climates  of  its  several  r^ons,  are  exposed  in  the 
course  of  long  periods  of  time  to  great  changes  of  tem- 
perature, depends  principally  on  the  solution  of  a  question 
proposed  and  discussed  with  great  animation  by  Sir  William 
Herschel :  viz.  are  the  nebulae  subject  to  progressive  processes 
of  formation,  by  condensation  taking  place  according  to  the 
laws  of  attraction  around  one  or  several  nuclei?  If  such  a 
condensation  of  cosmical  nebulous  matter  take  place,  there 
must  be,  in  every  transition  of  gaseous  or  fluid  substances  to 
solids,  disengagement  of  heat.  (76)  If,  according  to  the  latest 
views,  and  from  the  important  observations  of  theEarl  of  Sosse 
and  Mr.  Bond,  it  becomes  probable  that  all  nebulae,  even  those 
which  have  not  yet  been  entirely  resolved  by  the  greatest 
power  of  optical  instruments,  are  thickly  crowded  clusters  of 
stars,  the  belief  in  this  perpetually-arising  production  of  heat 
will  indeed  be  somewhat  shaken.  But  even  small  solid  bo- 
dies, seen  in  telescopes  as  distinguishable  shining  points,  may 
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also  alter  tbeir  density  in  combining  into  larger  masses ;  and 
many  phffinomena  which  our  omi  planetary  system  presents 
lead  to  the  supposition  that  the  planets  have  been  condensed 
from  a  state  of  vaponr,  and  that  their  internal  beat  is  owing 
lu  this  process. 

At  first  sight  it  seems  hazardous  to  assert  that  a  tempe- 
rature  of  space  so  very  low  as  between  the  freezing 
points  of  mercury  and  of  spirits  of  nine,  can  be  deemed,  even 
indirectly,  beneficial  to  the  habitable  climates  of  the  globe, 
and  to  tlie  life  of  plants  and  animals ;  bnt  in  order  to  be  sa- 
tisfied of  the  correctness  of  the  expression  it  is  sulficieut  to 
reflect  on  the  influence  of  the  radiation  of  beat  from  the 
earth.  The  surface  of  our  globe  warmed  by  the  solar  heat, 
and  the  atmosphere  up  to  its  outermost  stratum,  radiate  freely 
towards  space.  The  loss  of  heat  which  they  suffer  arises 
from  the  difference  of  temperature  between  the  air  and  space, 
and  the  feebleness  of  the  return  which  they  receive.  How 
enormous  would  be  the  loss  {^')  if  space,  instead  of  the  tem- 
perature which  we  express  by  —60°  Cent.  (—76°  P.),  had, 
for  example,  a  temperature  of  —800°  Cent.  (  —  1408°  P.), 
or  even  several  thousand  degrees  lower  ! 

Tliere  stiil  remiiin  to  be  developed  two  more  considerations 
in  reference  to  the  existence  of  a  6uid  throughout  space  j 
one,  less  well -established,  relates  to  a  "limit  to  the  trans- 
parency of  space ;"  the  other,  based  on  direct  observation, 
and  affording  numerical  results,  to  the  regular  diminution 
of  the  period  of  revolution  of  Encke's  comet.  Olbers  of 
&emen,  and,  as  Struve  has  remarked,  Loys  de  Cheseaux 
at  Geneva,  eighty  years  before,  ('^)  called  attention  to  the 
diteHun^ — that  as  in  infinite  space  no  point  can  be  imagined 
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^hich  should  not  present  a  fixed  star  {i.  e,  a  sun)^  either  the 
entire  vault  of  heaven,  if  light  arrived  to  us  quite  unenfeebled, 
must  appear  sa  luminous  as  our  sun;  or,  if  this  be  not  so^ 
that  we  must  assume  an  enfeeblement  of  light  in  its  passage 
through  space,  or  a  decrease  of  the  intensity  of  light  greater 
than  in  the  inverse  ratio  of  the  square  of  the  distance. 
Now,  since  we  do  not  see  such  an  almost  uniform  brightness 
covering  the  heavens  (to  which  Halley  (79)  also  alludes  in 
reference  to  an  hypothesis  which  he  rejects),  therefore,  in 
the  view  of  Cheseaux,  Olbers,  and  Struve,  we  must  assume 
that  space  is  not  absolutely  and  perfectly  transparent. 
Eesults  which  Sir  William  Herschel  derived  from  his  star 
gaugings,  (80)  and  from  ingenious  investigations  on  the 
space-penetrating  power  of  his  great  telescope,  appear  to 
estabUsh  that,  if  the  light  of  Sinus  lost  only  -^l-^  on  its  way 
to  us  in  passing  through  a  gaseous  or  ethereal  fluid,  this 
loss,  which  would  give  the  measure  of  fche  density  of  a  Hght- 
enfeebling  fluid,  would  suflBce  to  explain  phenomena  as  they 
present  themselves.  Amongst  the  grounds  of  doubt  which 
the  illustrious  author  of  the  new  "  Outlines  of  Astronomy*' 
opposes  to  the  supposition  of  Olbers  and  Struve,  one  of  the 
most  important  is,  that  in  the  greater  part  of  the  milky  way, 
in  both  hemispheres,  his  twenty-foot  telescope  shews  him 
the  smallest  stars  projected  on  a  black  ground.  (®i) 

A  better  proof  of  the  existence  of  a  resisting  fluid,  (®2) 
and  one,  as  I  have  already  said,  founded  on  direct  observation, 
is  furnished  by  Encke's  comet,  and  by  the  ingenious  and 
highly  important  conclusions  to  which  it  has  conducted  its 
discoverer.  'J 'he  impeding  medium  must,  however,  be  con- 
ceived to  be  different  from  the  all -penetrating  ether  whose 
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andnlations  propagate  lights  because  resistance  implies  nou- 
penetration  of  what  is  solid.  The  observations  require  for 
the  explanation  of  the  diminished  period  of  revolution^  (the 
diminished  major  axis  of  the  ellipse)^  a  tangential  force  ; 
and  this  is  supplied  in  the  most  direct  manner  by  the  as- 
sumption of  a  resisting  fluid.  (^)  The  greatest  eflect  shows 
itself  in  the  twenty-five  days  next  before  the  passage  of  the 
comet  through  its  perihelion^  and  in  the  twenty-five  days 
which  follow  the  passage.  Thus  the  value  of  the  constants 
is  somewhat  different,  because  near  the  sun,  the  so  rare, 
but  yet  gravitating,  strata  of  the  resisting  fluid  are  denser. 
Olbers  (^)  was  of  opinion  that  the  fluid  could  not  be  in 
repose,  but  must  rotate  from  right  to  left  round  the  sun ; 
and,  therefore,  the  resistance  to  retrograde  comets,  like 
Halle/s,  must  be  quite  different  from  the  resistance  to  a 
comet  whose  motion  is  direct,  as  Encke^s.  The  calcu- 
lation of  perturbations  in  comets  of  long  period,  and 
the  differences  of  masses  and  magnitudes  of  the  comets, 
complicate  the  results,  and  mask  what  may  be  due  to  par- 
ticular causes. 

The  nebulous  or  vaporous  matter  which  forms  the  ring 
of  zodiacal  light,  may  be,  perhaps,  as  Sir  John  Herschel  ex- 
presses it,  only  the  denser  part  of  the  comet-resisting  medium 
itself.  (®^)  Even  supposing  it  were  already  proved  that  all 
nebulae  are  only  imperfectly-seen  crowded  clusters  of  stars, 
there  yet  remains  the  fact,  that  innumerable  comets,  by 
the  dissolution  of  their  tails  of  more  than  fifty  millions  of 
miles  in  length,  fill  space  with  a  material  substance. 
Arago  has  ingeniously  shown  froin  optical  considerations,  (s^) 
that  the  variable  stars  which  in  their  periodical  phases 
always  show  white  light,  without  any  trace  of  colour,  might 
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furnish  a  means  of  determining  the  superior  limit  of  the 
density  ascribable  to  the  ether^  if  we  assume  it  to  resemble 
terrestrial  gaseous  fluids  in  its  powers  of  refraction. 

Connected  with  the  question  of  the  existence  of  a  space- 
filling ethereal  fluid,  is  the  one  proposed  with  so  much  ani- 
mation by  Wollaston,  (®^)  of  the  limit  of  the  atmosphere, — 
a  limit  which  must  exist  at  the  height  where  the  specific 
elasticity  of  the  air  and  the  attraction  of  gravitation  are  in 
equilibrium.  Farada/s  ingeniously  devised  experiments 
upon  the  limit  of  an  atmosphere  of  mercury, — on  the  height 
which  vapour  of  mercury  tested  by  amalg^unation  with 
gold-leaf  scarcely  appears  to  reach  in  air, — have  given 
increased  weight  to  the  hypothesis  of  a  definite  surface  of 
the  atmosphere,  ^^  similar  to  the  surface  of  the  sea«''  llay 
gaseous  substances  from  space  mix  with  our  atmosphere  and 
produce  meteorological  changes  ?  Newton  {^)  has  touched 
this  question,  leaning  to  the  afiarmative  side.  If  shooting 
stars  and  meteoric  stones  are  regarded  as  planetary  asteroids, 
we  may  well  hazard  the  conjecture  that,  with  the  streams  of 
myriads  of  shooting  stars  which  traversed  the  sky  in  the 
month  of  November,  (8»)  in  the  years  1799,  1888,  and 
1834«,  and  when  Auroras  were  observed  at  the  same  time,— 
the  atmosphere  received  from  space  something  which  was 
extraneous  to  itself,  and  which  might  excite  electro-magnetic 
processes. 
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II. 


NATURAL  AND  TELESCOPIO  VISION — SCINTILLATION  07  STABS 
— ^VXLOCITT  OF  LIGHT — BESULT8  OP  PHOTOMETRY. 

It  is  only  within  the  last  two  centuries  and  a  half  that  the 
artificial  telescopic  enhancement  of  the  visual  power  of  the 
eye, — the  organ  by  which  we  contemplate  the  Universes- 
has  afforded  the  grandest  of  all  aids  and  instruments  for  the 
recognition  of  the  contents  of  space,  and  for  the  discovery 
of  the  form,  physical  constitution,  and  mass  of  the  planets 
and  of  their  satellites.  The  first  telescope  was  constructed 
in  1608,  seven  years  after  the  death  of  the  great  observer 
l^cho  Brahe.  Jupiter's  satellites,  the  solar  spots,  the 
phases  of  Venus,  Saturn's  ring,  telescopic  clusters  of  stars, 
and  the  nebula  in  Andromeda,  {^^)  had  already  beeii  suo- 
cessively  discovered  by  means  of  the  telescope,  when,  in 
1634,  the  French  astronomer  Morin  (worthy  of  honourable 
mention  in  reference  to  observations  of  longitude),  thought 
of  attaching  a  telescope  to  the  alidade  of  a  measuring  in- 
strument, and  looking  for  Arcturus  in  the  day-time.  (•^) 
The  improvement  of  the  graduation  of  the  limbs  of  instru- 
ments would  have  failed,  either  wholly  or  in  great  part,  in 
attaining  its  principal  object,  viz.  greater  precision  in  obser 
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vation^  if  optical  means  had  not  been  adopted  for  augment- 
ing the  exactness  of  the  reading  commensurately  with  that 
of  the  measurement.  The  construction  of  micrometers  with 
fine  threads  stretched  in  the  focus  of  the  telescope,  the  ap- 
plication of  which  first  gave  to  more  exact  graduation  its 
peculiar  and  indeed  inestimable  value,  was  devised  six  years 
afterwards,  in  1640,  by  the  young  and  talented  (Jas- 
coigne.  (^^) 

While,  therefore,  in  astronomical  researches,  telescopic 
observation  and  measurement  include  only  240  years,  we  may 
reckon,  (without  reference  to  the  Chaldeans,  Egyptians,  and 
Chinese,  and  counting  only  fromTimochares  and  Aristillus(^3) 
to  the  discoveries  of  GaUleo),  more  than  nineteen  centuries 
in  which  the  position  and  movements  of  the  heavenly  bodies 
were  observed  with  the  naked  eye.  Seeing  the  numerous 
interruptions  to  which  the  progress  of  civilisation  and  know- 
ledge among  the  nations  surrounding  the  Mediterranean  was 
exposed  during  that  long  period,  we  must  regard  with  surprise 
and  admiration  the  recognition  by  Hipparchus  and  Ptolemy 
of  the  intricate  movements  of  the  planets,  of  the  two  principal 
lunar  inequalities,  and  of  the  places  of  the  stars ;  the  per- 
ception, by  Copernicus,  of  the  true  system  of  the  universe; 
and  the  improvement,  by  Tycho  Brahe,  of  practical  astro- 
nomy and  its  methods, — all  antecedent  to  the  invention  of 
the  telescope.  Exactness  of  observation  may  doubtless  have 
been  somewhat  increased  by  the  employment  of  long  tubes, 
used  most  probably  by  the  ancients  and  certainly  by  the  Arabs, 
and  arranged  so  that  the  object  was  seen  through  dioptra  or 
narrow  apertures.  Abul  Hassan  speaks  decidedly  of  tubes 
having  eye  and  object  dioptra  attached  to  the  extremities;  and 
this  arrangement  was  also  employed  at  the  observatory  esta- 
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blished  bj  Hnlagu  at  Meragha.  If  looking  through  tubes 
&cilitates  the  finding  of  stars  in  the  twilight^ — ^in  other 
words^  if^  in  the  evening  twilight^  stars  are  earlier  visible  to 
flie  naked  eye  with  tubes  than  without, — the  reason,  as  Arago 
has  remarked,  is,  that  the  tube,  when  the  eye  is  kept  dose  to 
it,  cuts  ofP  a  large  portion  of  the  disturbing  diffused  light 
(rayons  perturbateurs)  of  the  atmospheric  strata  which  in- 
tervene between  the  star  and  the  eye.  In  like  maimer,  even 
in  a  dark  night,  the  tube  is  useful  in  preventing  the  lateral 
impression  of  the  faint  Ught  which  the  particles  of  air  re- 
ceive from  all  the  other  stars  in  the  sky ;  the  intensity  of  the 
lominous  image  and  the  size  of  the  star  thus  appear  increased. 
In  a  much  amended,  and  often  contested,  passage  of  Strabo,  in 
which  there  is  a  reference  to  looking  tlirough  tubes,  the  en- 
lai^ed  appearance  of  the  stars,  or  heavenly  bodies,  is  expressly 
mentioned,  although  erroneously  attributed  to  refraction.  (^) 
Light,  from  whatever  source  it  may  proceed, — whether 
from  the  sun,  as  solar  light,  or  as  reflected  by  the  planets ; 
from  the  fixed  stars ;  from  rotten  wood ;  or  as  the  product 
of  vital  activity  in  glow-worms  and  other  luminous  animals, — 
always  shows  the  same  refractive  properties.  (9^)  But  the 
prismatic  coloured  images,  or  spectra,  from  different  sources 
of  hght,  (from  the  sun  and  from  the  fixed  stars),  show  a 
difference  in  the  position  of  the  dark  lines,  which  were  first 
discovered  by  WoUaston  in  1808,  and  of  which  Fraunhofer 
determined  the  position  with  great  exactness  twelve  years 
later.  Fraunhofer  had  counted  600  dark  lines  (properly 
speaking,  interruptions,  or  defective  parts,  of  the  coloured 
image  or  spectrum) :  in  the  fine  experiments  of  Sir  David 
Brewster  with  nitrous  acid  gas,  in  1833,  their  number  rose  to 
above  2000.     It  had  been  remarked  that,  at  certain  seasons 
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of  the  year,  particular  lines  were  wanting;  but  BrewsM 
has  shewn  that  this  is  a  consequence  of  the  different  heighf 
of  the  sun^  and  the  different  absorption  of  the  rays  of  light 
in  their  passage  through  the  atmosphere.  In  the  coloured 
spectra  given  by  the  reflected  light  of  the  Moon,  Venus, 
Mars,  and  the  Clouds,  we  find,  as  would  no  doubt  have 
been  expected,  all  the  characteristics  of  the  solar  spectrum. 
On  the  other  hand,  the  dark  lines  of  the  spectrum  of  8iriu8 
differ  from  those  of  Castor  or  of  other  fixed  stars.  Castor 
himself  shows  other  lines  than  those  shown  by  Pollux  and 
Procyon.  Amid  has  confirmed  these  differences,  which 
had  already  been  indicated  by  Praunhofer,  and  has  called 
attention  to  the  fact  that,  in  fiixed  stars  of  at  present  equal 
and  perfectly-white  light,  the  dark  lines  are  not  the  same. 
There  still  remains  here  a  wide  and  important  field  for 
future  research,  (96)  in  order  to  separate  what  is  certain 
from  what  is  rather  to  be  termed  accidental — dependent  on 
the  absorbing  effect  of  the  atmosphere. 

There  is  another  phsenomenon  deserving  to  be  here  noticed, 
in  which  the  specific  character  of  the  source  of  light  has  a 
powerful  influence.  The  light  of  glowing  solid  bodies  and 
that  of  the  electric  spark  show  great  variety  in  the  number 
and  position  of  Wollaston's  dark  lines.  According  to  Wheat- 
stone's  remarkable  experiments  with  revolving  mirrors,  the 
light  of  friction-electricity  appears  also  to  have  a  velocity 
greater  than  that  of  solai*  light,  in  the  ratio  of  at  least  3  to  £ 
(or  fully  83920  geographical  miles  in  a  second  of  time). 

A  new  life  has  animated  all  departments  of  optics  from 
the  time  when  (in  1808)  the  reflection  of  the  light  of  the 
setting  sun  from  the  windows  of  the  Palais  du  Luxembourg 
accidentally  led  the  acute  Mains  to  the  important  4ia- 
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coveiy  of  polarisation.  {^)  Since  that  event,  the  more  deeply- 
examined  phsenomena  of  double  refraction,  ordinary  (Huyge- 
nian)  polarisation  and  coloured  polarisation,  interference,  and 
dififraotion,  have  furnished  the  investigator  with  unexpected 
means  of  distinguishing  between  direct  and  reflected  light  (9^), 
of  penetrating  the  secret  of  the  constitution  of  the  Solar 
orb  and  his  luminous  envelopes (^),  of  measuring  the  pres- 
sure and  the  minutest  aqueous  contents  of  the  atmosphere, 
of  discerning  the  bottom  of  the  sea  and  its  shoals  by  the 
aid  of  a  plate  of  tourmaline  (^^),  and  even  of  comparing, 
according  to  Ne^i;on*s  example,  the  chemical  (^<^^)  composi- 
tion of  several  substances  {^^^)  with  their  optical  effects.  It 
is  sulScient  to  mention  the  names  of  Airy,  Arago,  Biot, 
Brewster,  Gauchy,  Faraday,  Fresnel,  John  Herschel,  Lloyd, 

Mains,  Neumann,  Plateau,  Seebeck to  recall  to 

the  recolliection  of  the  scientific  reader  a  series  of  brilliant 
discoveries,  and  of  the  happiest  apphcatious  of  each  newly- 
discovered  step.  The  great  works  of  Thomas  Young, 
marked  with  the  stamp  of  genius,  more  than  ^prepared  the 
way  for  these  important  labours.  Arago's  polariscope,  and 
the  observed  position  of  coloured  diffraction-fringes  (conse- 
quences of  interference),  have  become  of  great  and  varied 
use  in  the  investigation.  Meteorology  has  profited  no  less 
than  physical  astronomy  by  the  opening  of  this  new  path 
of  research. 

Different  as  is  the  power  of  vision  with  the  naked  eye  in 
different  men,  yet  here  also  there  is  a  certain  mean  degree  of 
organic  capability,  whicli  was  the  same  among  the  ancient 
Greeks  and  Bomans  as  in  the  present  day.  The  Pleiades 
famish  the  proof  of  this,  showing  that  some  thousand  years 
ago,  as  now,  stars  which  astronomers  call  of  the  7th  magnitude 
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are  not  visible  to  the  naked  eye  in  persons  of  ordinary  powers 
of  vision.  The  group  of  the  Pleiades  consists  of  a  star  of 
the  3rd  magnitude,  Alcyone;  two  of  the  4th  magnitude, 
Electra  and  Atlas ;  three  of  the  5th,  Merope,  Maia,  and 
Taygeta ;  two  between  the  6th  and  7  th,  Pleione  and  Celseno ; 
one  between  the  7th  and  8th,  Asterope ;  and  several  very 
small  telescopic  stars.  I  employ  the  present  denominations 
and  order  of  magnitudes,  for  among  the  ancients  some  of  these 
names  were  assigned  to  other  stars.  It  was  only  the  six  first- 
named  stars,  of  the  3rd,  4th,  and  5  th  magnitudes  respectively, 
that  could  be  easily  seen.(io3)  Qvid  says  (Fast.  iv.  170) : 
*'  Quae  septem  dici,  sex  tamen  esse  solent.'^  It  was  supposed 
that  one  of  the  daughters  of  Atlas,  Merope,  the  only  one 
who  had  married  a  mortal,  remained  veiled  through  bashfol- 
ness,  or  even  that  she  had  entirely  disappeared.  She  was 
probably  the  star  of  almost  the  7  th  magnitude,  which  we 
now  call  Celseno ;  for  Hipparchus  remarks,  in  the  commen- 
tary to  Aratus,  that  in  clear  moonless  nights  seven  stars 
could  really  be  perceived.  It  was  then  Celseno  which  was 
seen  as  the  seventh  Pleiad  ;  Pleione,  which  is  of  equal 
brightness,  being  too  near  Atlas  (a  star  of  the  4th  magni- 
tude) to  be  distinguished. 

The  small  star  Alcor  (which,  according  to  Priesnecker,  is 
at  a  distance  of  11'  48"  from  Mizar,  in  the  tail  of  the  Great 
Bear)  is,  according  to  Argelander,  of  the  5th  magnitude,  but 
overpowered  by  the  brightness  of  Mizar.  It  was  called  by 
the  Arabs  "  Saidak,'*  ^*  the  tester ;"  because  it  was  the  cus- 
tom, as  the  Persian  astronomer  Kazwini(^04j  informs  us, 
"  to  test  a  man^s  power  of  sight  by  it.^'  Notwithstanding 
the  low  altitude  of  the  constellation  of  the  Great  Bear  within 
the  tropics,  I  have  seen  Alcor  with  the  naked  eye  with 
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great  distmctiiess  every  evening  on  the  raiuless  coast  of 
Gumana,  and  on  the  liigh  plateaus  of  the  Cordilleras  at 
elevations  of  twelve  thousand  feet;  but  1  have  recognised 
it  only  rarely  and  uncertainly  in  Europe,  and  in  the  dry 
air  of  the  steppes  of  Northern  Asia.  The  limit  within 
which  it  is  possible,  with  the  naked  eye,  to  separate  two 
objects  very  near  to  each  other  in  the  heavens,  depends,  as 
Madler  has  very  justly  remarked,  on  their  relative  bright- 
ness. The  two  stars  of  the  3d  and  4th  magnitudes,  marked 
<i  Capricorni,  which  are  six  and  a  half  minutes  apart,  are 
separated  without  difSculty.  Galle  thinks  it  possible,  in  a 
very  clear  atmosphere,  to  separate  with  the  naked  eye  e  and 
5  LyrsB,  though  only  three  and  a  half  minutes  apart,  because 
they  are  both  of  tlie  4th  magnitude. 

The  too  great  comparative  brightness  of  the  neighbouring 
planet  is  also  the  principal  reason  why  Jupiter's  satellites, 
(one  of  which,  and  not  all,  as  is  often  erroneously  stated, 
is  equal  in  its  light  to  stars  of  the  5th  magnitude),  remain 
invisible  to  the  naked  eye.     According  to  recent  estimations 
and  comparisons   with  neighbouring   stars  by  my  friend, 
Dr.  Galle,  the  third  sateUite,  which  is  the  brightest,  may 
correspond  to  stars  from  the  5th  to  the  6th  magnitude ; 
whilst  the  others  correspond,  as  their  light  varies,  to  stars 
from  the  6th  to  the  7th  magnitude.     Only  occasional  in- 
stances have  been  cited  of  persons  of  extraordinary  keenness 
of  vision,  (persons  who  could  perceive  distinctly  with  the 
naked  eye  stars  below  the    6th  magnitude),  having  seen 
any  of  Jupiter's  satellites  without  a  telescope.     Tlie  angular 
distance  of  the  third  and  brightest  sateUite  from  the  centre 
of  the  planet  is  4'  42" ;  that  of  the  fourth,  which  is  only 
l-6th  smaller  than  the  largest,  8'  16" ;   and  all  Jupiter's 
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satellites  have  at  times^  as  Arago  states^  (^o^)  an  intenser 
light,  on  equal  surfaces,  than  the  planet :  at  times,  on  the 
other  hand,  they  appear  on  the  face  of  Jupiter,  as  recent 
observations  inform  us,  as  gray  spots. 

The  rays,  which  appear  to  our  eyes  to  issue  from  the  planets 
and  from  the  fixed  stars, — and  which  from  the  earliest  times 
have  been  employed  in  pictorial  representations,  particularly 
among  the  Egyptians,  to  designate  the  shining  heavenly 
bodies, — ^have  a  length  of  at  least  five  or  six  minutes.  Has- 
senfratz  declares  them  to  be  focal  lines,  ''  intersections  de 
deux  caustiques,''  on  the  crystalline  lens.  ''  The  image  of 
stars  seen  by  us  with  the  naked  eye  is  enlarged  by  diverging 
rays  :  by  reason  of  this  extension  it  occupies  a  larger  space 
on  the  retina  than  if  it  were  concentrated  in  a  single  point. 
The  impression  on  the  nerve  is  weaker.  A  very  dense  dus- 
ter of  stars,  in  which  all  the  single  stars  hardly  attain  the 
7th  magnitude,  may,  on  the  other  hand,  become  visible  to 
the  naked  eye,  because  the  images  of  the  many  single  stars 
overlap  each  other  on  the  retina ;  so  that,  as  in  the  case  of 
a  concentrated  image,  every  sensible  point  of  the  latter  is 
more  strongly  excited/^  (lo^). 

Telescopes,  unfortunately,  also  give,  though  in  a  much 
less  degree,  an  untrue  or  spurious  diameter  to  stars :  from  the 
examinations  of  William  Herschel,(^®7)  however,  these  diame- 
ters decrease  with  increased  magnifying  power.  This  acute 
observer,  with  the  enormous  magnifying  power  of  6500, 
still  estimated  the  apparent  diameter  of  a  Lyrse  at  0"'86. 
In  terrestrial  objects,  besides  the  illumination,  the  form  of 
the  object  helps  to  determine  the  smallest  visual  angle 
under  which  it  can  be  seen  by  the  naked  eye.  Adams  re- 
marked very  justly,  that  a  long  thin  rod  can  be  seen  at  a 
much  greater  distance  than  could  a  square,  whose  side  should 
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e  equal  to  the  thickness  of  the  rod.  A  hue  is  seen  much 
purther  than  a  point,  even  if  the  breadths  of  the  tan  are 
Arago  examined  the  influence  of  form  in  this 
[  respect  by  angubr  measurements  of  the  hghtning  conductors 
visible  from  the  Paris  Observatory.  Determinations  of  the 
smallest  optical  angle  of  vision  under  which  terrestrial 
objects  can  be  recognised  by  tlie  naked  eye  have  alwajs 
continued  to  advance  progressively  to  smaller  and  smaller 
quantities  ;— from  Robert  Hookj  who  declared  a  full  minute 
to  be  absolutely  necessary,  to  Tobias  Mayer,  who  requirei] 
34"  for  a  black  spot  on  white  paper,  and  further  to  Leuwen- 
hoek's  spiders'  threads,  which  can  be  seen  by  persons  of 
very  ordiuary  powers  of  vision  under  an  angle  of  i"-?.  In 
the  most  recent  and  very  exact  esperiments  of  llueck  on 
.  ,the  motion  of  the  crystalline  lens,  it  was  barely  possible  (o 
:  white  lines  on  a  black  ground  at  an  angle  of  l"'2,  a 
q>ider's  thread  at  0"'(i,  and  ti  fine  shining  wire  at  O"'^. 
TlTie  problem  does  not  admit  of  a  strict  numerical  solution, 
as  the  result  depends  on  the  shape  of  the  objects,  their 
iUumination,  their  contrast  with  the  back  ground  from 
which  they  detach  themselves,  and  the  movement  or  still- 
ness, aa  well  as  the  nature,  of  the  intervening  atmospheric 
strata. 

I  was  much  impressed  by  a  circnmstance  which  occurred 
during  my  stay  at  a  beautiful  country-seat  belougiug  to  the 
Marqaes  de  Selvalegre,  at  Chillo  (not  far  from  Quito),  from 
whence  the  long  exteuded  ridge  of  the  Volcano  of  Pichincha 
was  seen  at  a  horizontal  distance,  trigonometrically  measured, 
of  S5000  Paris  (90590  Eng.)  feet.  My  feUow-traveUcr 
Bonpland,  who  was  then  engaged  alone  on  an  expeilition  to 

I  the  Volcano,  was  recognised  by  the  Indians  standing  near 
■be  as  a  white  point  moving  along  the  face  of  a  black  ba- 
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ealtic  precipice,  before  we,  who  were  looking  for  him  with 
telescopes,  discovered  him.  In  a  short  time  my  companion 
(the  ill-fated  son  of  the  Marques,  Carlos  Montufar,  who 
afterwards  fell  a  victim  in  the  civil  war)  and  myself  were 
.also  able  to  distinguish  the  white  moving  figure  with  the 
naked  eye.  Bonpland  was  wrapped  in  a  white  cotton 
mantle,  the  poncho  of  the  country.  Allowing  from  3  to  5 
feet  for  the  breadth  of  the  shoulders,  as  the  mantle  some- 
times clung  close,  and  sometimes  seemed  to  fly  loosely  in 
the  wind,  and  taking  the  known  distance,  we  have  from 
7"  to  12"  as  the  angle  under  which  the  moving  object  was 
distinctly  seen.  White  objects  on  a  black  ground  are  seen, 
according  to  Hueck's  repeated  experiments,  at  a  greater  dis- 
tance than  black  objects  on  a  white  ground.  The  weather 
was  clear,  and  the  ray  passed  through  the  stratum  of  thin 
air,  proper  to  an  elevation  of  14412  French  (16360  Eng.) 
feet  above  the  level  of  the  sea,  to  our  station  at  Chillo,  itself 
8046  (8575  Eng.)  feet  high.  The  distance  from  the  eye 
to  the  object  was  85596  (91225  Eng.)  feet,  or  14-8  geo- 
graphical miles.  The  heights  of  the  barometer  and  ther- 
mometer at  the  two  stations  were  very  different:  at  the 
upper,  probably,  194  lines  (17*23  English  inches),  and  8° 
Cent.  (46°  4  Fahr.) ;  and  at  the  lower,  by  exact  observation, 
250-2  lines  (22-22  English  inches),  and  ls-7  Cent.  (65*66 
Ealir.)  Gausses  heliotropic  light,  which  has  become  so 
important  an  auxiliary  in  our  German  trigonometrical 
measurements,  reflected  from  the  Brocken  to  the  Hohen- 
hagen,  was  seen  there  at  a  distance  of  213000  French  feet 
(227008  Eng.), — more  than  36  geographical  miles;  and 
often  at  points  at  which  the  angle  subtended  by  a  three-inch 
mirror  only  amounted  to  0"*43,  • 

Th*^  wibility  of  distant  objects  is  modified  by  the  absorp- 
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tion  of  the  raya  proce&ling  from  the  terrestrial  object,  and 
arriring  at  the  unassisted  eye  at  rlifferent  distances,  through 
strata  of  air  more  or  less  dense,  sud  more  or  less  charged 
with  aqueous  vapour ;  by  the  intensity  of  the  diffused  light 
r«diated  from  the  (larticlea  of  ajr ;  and  by  many  still  im- 
perfectly explained  meteorological  circumstances.  According 
to  old  experiments  of  the  accurate  Bouguer,  a  difference  of 
l-6Uth  in  the  intensity  of  the  light  is  necessary  for  visibility. 
We  see,  as  he  expresses  it,  only  in  a  negative  manner,  iiill 
and  mouutain  eiimmita  which  radiate  but  little  light,  aud 
detach  themselves  as  dark  masses  against  the  sky.  ^Ve  see 
them  only  by  the  difference  of  the  thickness  of  the  atmos- 
pheric strata,  which  extend  in  the  one  instance  to  tlie 
object,  and  iu  the  other  to  the  exCrcmest  horizon.  On  the 
other  hand,  bright  or  shining  objects,  as  snowy  mountains, 
white  limestone  rocks,  and  cones  covered  with  pumice,  are 
aeen  in  a  positive  manner.  The  distance  at  wliicli  high 
mountain  Bununits  can  be  recognised  at  sea  is  not  witliout 
A  in  navigation,  when  exact  astronomical  determinations 
if  the  ship's  place  are  wanting.  I  have  treated  this  subject 
i  detail  in  another  placeiC^s)  when  discussing  the  distance 
i  which  the  Peak  of  Teneriffe  may  be  visible. 

The  power  of  seeing  stars  with  the  naked  eye  in  the  day- 
time from  the  shafts  of  mines,  or  on  very  lofty  mouiitniTis, 
has  beeu  a  subject  of  examination  wit!i  me  from  early  youth. 
I  was  awareC"')  that  Aristotle  had  affirmed  that  stars  could 
sometimes  beseen  from  vaults  and  reservoirs,  as  well  as  through 
tubes.  Pliny,  also,  mentions  this,  aud  notices  at  the  same 
time  the  circumstance  that  stiirs  can  be  clearly  distinguished 
in  the  day-time  during  solar  eclipses.  In  the  course  of  my 
profossioual  engagements  as  a  mining  engineer,  I  for  some 
years  passed  a  large  jwrtiun  of  every  day  under  gpouiiii. 
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looking  ap  from  the  bottom  of  deep  shafts  to  the  zenith^ 
but  without  ever  seeing  a  star ;  nor  have  I  since  found  an 
individual  in  Mexican^  Peruvian,  or  Siberian  mines,  who 
had  ever  heard  of  stars  being  seen  in  the  day-time,  although 
in  such  different  latitudes  as  those  embraced  by  my  inquiries 
and  experience  in  both  hemispheres,  a  sufficient  number  of 
zenith  stars  must  have  presented  themselves  advantageously. 
This  entirely  negative  evidence  renders  very  remarkable  the 
highly  credible  testimony  of  a  celebrated  optician  who,  in 
early  youth,  saw  the  stars  during  bright  day -light  through  a 
chimney.  (^i<>)  Phsenomena  whose  visibility  depends  on  an 
accidental  concurrence  of  favourable  circumstances  must 
not  be  denied  because  they  are  of  rare  occurrence. 

This  principle  also  appUes,  I  think,  to  the  statement  of 
the  always  careful  and  accurate  Saussure,  in  reference  to 
stars  being  seen  with  the  naked  eye  on  the  ascent  of  Mont 
Blanc,  at  a  height  of  11970  (12757  Eng.)  feet.     He  says, 
'^  Quelques-uns  des  guides  m^ont  assure  avoir  vu  des  ^toiles 
en  plein  jour ;  pour  mot  je  n'y  songeois  pas,  en  sorte  que 
je  n'ai  point  ete  le  t^moin  de  ce  ph^nomene ;  maia  P asser- 
tion uniforme  des  guides  ne  me  laisse  aucun  doute  sur 
la  rialiti,  ('  ^  ^)    II  faut  d'aiUeurs  ^tre  enti^rement  a  Fombre, 
et  avoir  meme  au-dessus  de  la  tete  une  masse  d^ombre  d^une 
^paisseur  considerable,  sans  quoi  Fair  trop  fortement  6claire 
fait  6vanouir  la  foible  clart6  des  6toiles.^'     The  conditions 
are,  therefore,  almost  entirely  the  same  as  those  presented  by 
the  reservoirs  of  the  ancients  and  the  chimney  before  referred 
to.      I  have  not  found  this  remarkable  statement  (bearing 
date  the  morning  of  the  2nd  of  August,  1787)  repeated  in 
any  subsequent  journey  in  the  Swiss  mountains.    Two  highly 
informed  and  excellent  observers,  the  brothers  Hermann 
and  Adolph  Schlagintweit,  who  have  recently  ex]dored  the 
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Knstern  Alpe  to  the  summit  of  the  Oroaglockner  (12313 

llr.,  or  1-S016  Eng.  feet*),  were  never  able  to  see  stars  iit 

Itte  day-time,  nor  did  they  hear  any  statemeut  to  tliat  efTect 

IwBong  the  herdsmen  and  chamois  hunters.     T  sjient  several 

¥  years  in   the  Cordilleras  of  Mexico,    Quito,  and  Peru,  viud 

FTras  very  often,  tc^ther  with  my  friend  Bonplaud,  in  cltar 

weather  on  heights  of  upwards  of  fifteen  or  sixteen  thousaud 

[English]  feet;  and  neither  we,  nor  subsequently  Boussiii- 

gaiilt,  could  ever  recognise  stars  in  the  day-time,  although 

the  azure  of  the  sky  waa  so  deep  and  dark,  that  with  the  same 

cyanomet«r  of  Paul  of  Geneva  with  which  Saussure  had 

.  read  39°  on  Mont  Blanc,  I  should  have  found  under  the 

■  tropics,  at  elevations  between  16000  and  18000  (17052 

nnd  19184  Eng.)  feet,  46"  at  the  zenith,  ('i')     Under  the 

magnifiGeDt,  ethereally  pure  and  serene  sky  of  Cumana,  an 

the  plain  of  the  sea-shore,  after  the  observation  of  occuha- 

tions  of  Jupiter's  satellites,  I  have  several  times  with  ease 

d  the  planet  again  with  the  naked  eye,  and  seen  him 

t  distinctly  whilst  the  sun's  disk  was  18°  or  20°  above 

e  horizon. 

(  is  the  proper  place  in  which  to  notice,  at  least  in  a 
rsary  manner,  another  optical  phasnomenon  which,  among 
'  many  ascents  of  mountains,  was  only  observed  by  me 
^nce — viz.  on  the  22nd  of  Juiie,  1799,  before  sunrise,  on 
Hie  declivity  of  the  Peak  of  Teiicriffe.  Being  in  the  Mal- 
,,  10700  (11404  Eng.)  feet  above  the  sea,  I  saw  with 
B  naked  eye  stars  low  down  near  the  liorizon  in  strange 


[*    Sinoe  giran  more  oorreetl]'  bjr  Me«an.  H.  and  A.  SchlagintReit 
IS158  French  or  1SB5B  £ngliah  leot,  io  thoir  PLjuciluchc  Geogr^ie  dtr 
-Ed.] 
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fluctuating  movement.  Luminous  points  rose  upwards, 
moved  sideways,  and  fell  back  to  their  former  places.  The 
phsenomenon  lasted  only  seven  or  eight  minutes,  and  ceased 
long  before  the  edge  of  the  sun  appeared  above  the  sea  ho- 
rizon :  it  was  seen  equally  through  a  telescope,  and  there 
was  no  doubt  that  the  apparent  movement  was  that  of  the 
stars  themselves.  (1^3)     Did  this  change  of  place  belong  to 

the  much  contested  question  of  the  lateral  refraction  of  rays? 
Does  the  undulation  of  the  rising  solar  disk,  small  as  it  is 
found  by  measurement,  present,  in  the  lateral  alteration  and 
motion  of  the  sun^s  limb,  any  analogy  to  what  has  been  de- 
scribed ?  We  know,  apart  from  this  question,  that  the  dis- 
turbance of  the  sun*s  disk  would  appear  larger  from  being 
near  the  horizon.  Almost  half  a  century  later  this  same 
phsenomenon  has  been  observed,  both  with  the  naked  eye 
aud  through  a  telescope,  in  exactly  the  same  spot  in  the 
Malpays,  and  similarly  before  sunrise,  by  a  well-informed 
and  very  attentive  observer.  Prince  Adalbert  of  Prussia.  I 
found  the  observation  entered  in  his  manuscript  journal 
without  his  having  been  aware,  before  his  return  from  the 
River  Amazon,  that  an  entirely  similar  appearance  had  been 
seen  by  me.  (^^*)  Neither  on  the  ridges  of  the  Andes,  nor 
in  the  frequent  mirage  of  the  hot  plains  (Llanos)  of  South 
America,  notwithstanding  the  excessive  variety  of  admixture 
of  unequally  heated  strata  of  air,  could  T  ever  find  any  trace 
of  lateral  refraction.  As  the  Peak  of  Teueriffe  is  so  near  to 
us,  and  is  often  visited  before  sunrise  by  scientific  travellers 
provided  with  instruments,  I  may  hope  that  my  renewed 
request  for  the  observation  of  the  lateral  fluctuation  of  stars 
may  not  be  without  ^effect. 

I  have  already  drawn  attention  to  the  fact,  that  long 
before  the  great  epoch  of  the  invention  of  telescopes  and 
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their  application  to  celestial  observation^ — before  therefore 
the  memorable  years  1608  and  1610, — an  exceedingly  im- 
portant part  of  the  astronomy  of  our  planetary  system  was 
abreadj  established.    The  inherited  treasures  of  Greek  and 
Arabian  knowledge  were  augmented  by  the  careful  and  ex- 
tensive labours  of  George  Purbach,  Begiomontanus  ( Johami 
Mtdler),  and  Bemhard  Walther  of  Nuremberg.    Their  efforts 
were  followed  by  the  bold  and  comprehensive  intellectual  de- 
velopment of  the  Copernican  system ;  and  to  this  succeeded 
an  abundant  mass  of  exact  observations  by  Tycho  firahe, 
and  the  acuteness  in  combination,  and  indomitable  perseve- 
rance in  calculation,  of  Kepler.     Two  great  men,  Kepler 
and  Galileo,  stand  at  the  most  important  epoch  which  the 
history  of  practical  astronomy  presents, — that  which  separates 
observation  with  the  naked  eye,  but  with  greatly  improved 
measuring  instruments,  from  telescopic  vision.     (Galileo  was 
then  44,  and  Kepler  37  years  old ;  Tycho  Bralie,  the  most 
exact  practical  astronomer  of  that  great  period,  had  been 
dead  seven  years.     I  have  already  remarked  in   the  2nd 
volume  of  Cosmos  (English  edition,  p.  324),  that  Kepler's 
three  great  laws,  which  have  made  his  name  for  ever  illus- 
trious, did  not  receive  the  praise  of  any  one  of  his  cotempo- 
raries, — not  even  of  Galileo,     Discovered  by  a  purely  em- 
pirical path,  but  more  rich  in  consequences  to  science  at 
large  than  the  isolated  discovery  of  previously  unseen  celes- 
tial bodies,  they  belong  entirely  to  the  period  of  natural 
vision,  —to  the  period  uf  Tycho  Bralie,  and  even  to  the  Ty- 
choniari  observations ;  although  the  printing  of  the  "  Astro- 
nomia  nova,  sen  Physica  coplestis  de  Motibus  Stella;  Martis'' 
was  not  completed  until  1609,  and  the  third  law,  according 
to  which  the  squares  of  the  periodic  revolutions  of  two 

d2 
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planets  are  in  the  ratio  of  the  cubes  of  their  mean  distances, 
was  first  developed  in  the  "  Harmonice  Mundi/'  in  1619. 

The  transition  from  natural  to  telescopic  vision,  which 
marks  the  first  ten  years  of  the  seventeenth  century, — and 
forms  an  epoch  in  astronomy,  or  the  knowledge  of  celestial 
space,  even  more  important  than  149^  had  been  to  the 
knowledge  of  terrestrial  space, — not  only  enlarged  indefinitely 
our  view  into  creation,  but  also,  by  proposing  for  solution 
new  and  intricate  problems,  became  the  means  of  raising 
mathematical  knowledge  to   a   degree  of  brilliancy  never 
before  attained.     Thus  the  strengthening  of  the  organs  of 
sense  reacted  upon  the  world  of  thought,  leading  to  the 
mvigoration  of  the  intellectual  power,  and  to  the  ennoble- 
ment   of   humanity.      We   owe  to   the  telescope  alone, 
within  the  space  of  two  centuries  and  a  half,  the  knowledge 
of  13  new  planets,  and  4  new  systems  of  satellites  (4  belong- 
ing to  Jupiter,  8  to  Saturn,  4,  perhaps  6,  to  Uranus,  and  1 
to  Neptune) ;  of  the  solar  spots  and  faculse ;  of  the  phases 
of  Venus ;  of  the  form  and  elevation  of  the  mountains  in  the 
moon;  of  the  winter  polar  zones  of  Mars ;  of  the  belts  of 
Jupiter  and  Saturn;  the  ring  of  Saturn;  the  interior  (plane- 
tary) comets  of  short  periods  of  revolution ;  and  of  many 
other  phsenomena  which,  like  these,  escape  the  perception 
of  the  unassisted  eye.   If  our  solar  system,  which  was  so  long 
limited  to  6  planets  and  1  satellite,  has  been  thus  enriched 
within  the  last  240  years,  what  is  called  the  "  heaven  of  the 
fixed  stars^^  has,  during  the  same  period,  received  a  still  more 
unexpected  extension.     Thousands  of  nebulae,  clusters  of 
stars,  and  double  stars,  have  beep  catalogued.     The  variable 
position  of  the  double  stars  which  revolve  around  a  common 
centre  of  gravity,  4is  well  as  the  proper  motion  of  all  the 
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fixed  stars,  show  that  gravitating  forces  prevail  in  those  dis- 
tant regions  of  space,  as  well  as  in  the  narrower  sphere  of  the 
mutually  ^wrturbing  orbits  of  the  planets  of  our  Bystem. 
From  the  time  that  Morin  and  Gascoigne  combined  optical 
powers  wilh  measuring  apparatus  (which  was  not,  how- 
ever, antil  tweuly-five  or  thirty  years  after  the  invention  of 
the  telescope),  it  has  been  possible  to  obtain  more  delicate 
and  precise  deterimnations  of  the  alterations  of  place  of  the 
heavenly  bodies.  Tn  tliis  manner  it  has  become  possible  to 
measure  with  the  greatest  preciaion  the  present  position  of  a 
heavenly  body,  the  aberratioa-ellipsea  of  the  fixed  stars  and 
their  paraUaxes,  nnd  the  distances  apart  of  the  double  stars, 
though  only  amounting  to  a  few  tenths  of  a  second  of  arc. 
The  astronomical  knowledge  of  the  solar  system  has  gra- 
dually expanded  into  that  of  the  system  of  the  Universe. 

We  know  that  Galileo  made  his  discoveries  of  Jupiter's 
satellites  with  a  magnifying  power  of  7,  and  that  he  was  never 
able  to  employ  a  higher  power  tiiau  32.  One  hundred  and 
seventy  years  afterwards,  we  see  Sir  William  Herschel  em- 
ploy, in  his  investigations  on  the  magnitude  of  the  apparent 
diameters  of  Arcturus  and  a  Lyne,  magnifying  powers  of 
6500.  From  the  middle  of  the  17th  century  men  vied 
with  each  other  in  attempting  telescupes  of  great  length, 
Although  as  late  as  1655  Christian  Hujgens  discovered  the 
first  of  Saturn's  satellites,  (Titan,  tlio  sixth  in  distance  from 
the  centie  of  the  planet),  with  a  telescope  of  only  12  feet, 
he  subsequently  employed  in  astronomical  observations  tele- 
scopes of  123  feet;  but  the  three  of  123,  170,  and  210 
feet  focal  distance,  in  llie  possession  of  the  Royal  Society  of 
London,  which  had  been  made  by  bis  brother  Onstantiue 
luygeus,  were  tried  by  Christian,  as  he  liimsell  expressly 
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says,  (^^*)  on  terrestrial  objects.     Auzout,  who  as  early  as 
1663  constructed  colossal  telescopes  without  tubes,  and, 
therefore,  without  a  solid  or  rigid  connection  between  the 
object-glass  and  the  eye-piece,  completed  an  objective  which, 
with  a  focal  length  of  300  feet,  would  bear  a  magnifying 
power  of  600.  (^^^)     Dominic  Cassini  made  great  use  of  such 
object-glasses  attached  to  poles,  in  the  successive  discovery, 
between  1671  and  1684,  of  the  eighth,  fifth,  fourth,  and  third 
of  the  satellites  of  Saturn     He  employed  the  object-glasses 
which  Borelli,  Campani,  and  Hartsoeker  had  ground :    the 
latter  were  of  2 50  feet  focal  length.    Those  of  Campani,  which 
enjoyed  the  highest  reputation  under  the  reign  of  Louis  XIV., 
have  been  often  in  my  hands  at  the  Paris  Observatory  during 
my  long  residence  in  that  city.     If  we  remember  the  faint 
light  of    the   satellites   of  Saturn,   and   the   difficulty  of 
managing  such  apparatus,  (^^7)  which  could  only  be  moved 
by  the  aid  of  cords,  we  cannot  sufficiently  admire  the  skill 
and  perseverance  of  the  observer. 

The  advantages  which  were  then  supposed  to  be  attainable 
exclusively  by  means  of  gigantic  lengths,  led  great  minds, 
as  is  often  the  case,  to  form  extravagant  hopes.  Auzout 
thought  it  necessary  to  refute  Hooke,  who,  in  order  to  see 
animals  in  the  moon,  had  proposed  telescopes  10000  feet, 
or  almost  2  geographical  miles,  in  length,  (^i^)  The 
practical  inconvenience  of  optical  instruments  of  more  than 
100  feet  focal  length,  gradually  led  to  the  introduction,  in 
England  especially,  and  through  Newton  himself  (according 
to  the  precedents  set  by  Mersenne  and  by  James  Gregory  of 
Aberdeen),  of  the  shorter  r^ecting  instruments.  Bradley's 
and  Pound's  careful  comparison  of  5 -feet  Hadleyian  re- 
flectors with  the  refractor  already  noticed  of  Constantine 
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Huygens  of  128  feet  focal  length,  proved  entirely  to  the 
advantage  of  the  former.  Short's  costly  reflectors  were 
now  everywhere  adopted,  until  the  successful  practical  solu- 
tion, (1759),  by  John  DoUoud,  of  the  problem  of  achro- 
matism proposed  by  Leonhard  Euler  and  Klingenstiema, 
again  turned  the  scale  in  favour  of  refractors.  The  appa- 
rently incontestable  rights  of  priority  of  the  mysterious 
Chester  More  HaH,  of  Essex  (1729),  were  first  made  known 
to  the  public  when  John  Dollond  obtained  a  patent  for  his 
achromatic  telescopes.  (^*^) 

But  this  victory  of  the  refracting  instruments  was  not 
of  long  duration :  eighteen  or  twenty  years  after  the 
publication  of  John  DoUond's  accomplishment  of  achro- 
matism by  a  combination  of  crown  and  flint  glass,  new 
fluctuations  of  opinion  were  induced  by  the  merited  tri- 
bute of  admiration  paid,  both  in  England  and  elsewhere, 
to  the  ev»  memorable  labours  of  a  German,  William 
Herschel.  The  construction  of  his  numerous  7 -feet  and 
20-feet  telescopes,  to  which  magnifying  powers  of  2200 
to  6000  could  be  successfully  applied,  was  followed  by  the 
construction  of  his  40-feet  reflector,  by  means  of  which 
were  discovered,  in  August  and  September  1789,  the  two  in- 
nermost of  the  satellites  of  Saturn, — the  second,  Enceladus ; 
and  soon  after  Mimas,  the  first  or  nearest  to  the  ring.  The 
discovery  of  the  planet  Uranus  (1781)  was  made  with  the 
7 -feet  telescope  of  Herschel.  The  satellites  of  Uranus, 
which  have  such  feeble  light,  were  first  seen  by  him,  in  1787, 
ni  his  20-feet  instrument  arranged  for  the  "front  view.''  (^^oj 
The  previously  unattained  degree  of  perfection  which  this 
great  man  was  able  to  impart  to  his  reflecting  telescopes  in 
which  the  light  was  reflected  only  once,  led,  by  the  unin- 
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temipted  labours  of  more  than  forty  jears^  to  the  most 
important  extension  of  all  parts  of  physical  astronomy,  in  the 
planetary  system  as  well  as  in  the  nebulse  and  double  stars. 
A  long  reign  of  reflectors  was  again  followed,  in  the  first 
twenty  years  of  the  nineteenth  century,  by  a  happy  emula^ 
tion  in  the  construction  of  achromatic  refractors  and  helio- 
meters,  moved  equatorially  by  clock-work.  For  object- 
glasses  of  extraordinary  size,  a  homogeneous  flint  glass,  free 
from  strise,  was  supplied  in  Germany  by  the  Munich  esta- 
blishment of  Utzschneider  and  Fraunhofer,  subsequently 
of  Merz  and  Mahler ;  and  in  Switzerland  and  France  (for 
Lerebours  and  Cauchoix),  in  the  manufactories  of  Guinaud 
and  Bontems.  It  is  sufficient  for  the  purpose  of  this 
historical  review,  to  name  here,  as  instances,  the  great  refrac- 
tors  made,  under  Fraunhofer's  superintendence,  for  the  ob- 
servatories of  Dorpat  and  Berlin,  having  9  Parisian  inches 
free  aperture,  with  a  focal  length  of  13 J  (14  Engish)  feet,* 
the  refractors  of  Merz  and  Mahler,  in  the  observatories  of 
Pulkova,  and  Cambridge  in  the  United  States  of  North 
America,  (^^ij  both  furnished  with  object-glasses  of  14 
Parisian  inches  aperture,  and  21  feet  focal  length  (14*9 
English  inches,  and  22  English  leet  4*6  inches).*  The 
heliometer  of  the  Konigsberg  Observatory,  which  was  for  a 
long  time  the  largest  in  existence,  has  6  Parisian  inches  aper- 
ture, and  has  become  celebrated  by  the  memorable  labours 
of  Bessel,  The  short  dialytic  refractors,  advantageous  in 
respect  of  light,  which  Plosl,  in  Vienna,  was  the  first  to 
execute,  the  merits  of  which  were  recognised  almost  at  the 

*  [The  exact  focal  lenij^h  of  the  refractor  at  Cambridge,  U.S.  is  22  English 
feet  6  inches. — ^Ed.] 
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mme  time  by  Rogers  m  England,  deserve  to  be  constructed 
of  Ui^er  dimensions. 

During  the  same  period  in  wliich  these  endeavours 
were  made, — to  which  I  have  thus  referred  because  they 
have  so  materially  influenced  the  enlargement  of  cosmieal 
views, — mecbauical  improvements  in  measuriug-instrumenta 
(Moith  sectors,  meridian  circles,  and  micrometers)  did  not 
remain  behind  the  progress  made  in  optical  instruments, 
and  in  those  employed  for  uieitauriog  time.  Amongst  the 
many  distinguished  names  of  the  present  or  recent  times,  I 
will  mention  only  the  followiug; — for  measuring  instru- 
ments, those  of  Eamsden,  Troughtoii,  I'ortin,  Eeichenbach, 
Uambey,  Ertel,  Steiuheil,  Eepaold,  Pistor,  Oerthiig ;  for 
chronometers  and  astronomical  clocks  —  Mudge,  Arnold, 
Emery,  Eariishaw,  Breguet,  Jurgeoseu,  Kessels,  Wiunerl, 
Tiede.  In  the  valuable  and  exteuaive  investigations  into 
the  distances  apart  and  the  periodic  movements  of  double 
stars,  which  we  owe  to  William  and  John  Uerschel,  South, 
Slruve,  Bessel,  aud  Dawes,  we  specially  remark  this  pro- 
iitionate  and  simultaneous  advance  in  the  perfection  at 
ice  of  sight  and  of  measuiement.  Struve's  classiflcatiou 
double  stars  contains,  of  those  which  are  less  tliati  1'  apart, 
about  100,  and  of  those  between  1'  and  2"  apart,  93(>, — 
all  by  frequently  repeated  measurements.  ('^'') 

Within  the  last  few  years,  two  men  who,  by  station  and 

circumstances,  were  far  removed  from  such  occupations  with 

t,  view  to  pecuniary  profit,  the  Earl  of  Rosse,  at  Parsonstowii 

,(fifty  miles  west  of  Dublin),  and  Mr.  Lassell,  at  Starfield, 

Liverpool,  animated  by  a  noble  love  of  astronomy, 

v?ith  devoted  liberality  and  under  their  own  immediate 

'ection  and  superintendence,  accomplished  the  completion 
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of  two  reflecting  telescopes  which  have  raised  to  the  highest 
degree  the  expectation  of  astronomers.  (^^3)  With  LasselFs 
telescope,  which  has  only  2  feet  aperture  and  20  feet  focal 
length,  there  have  been  already  discovered  a  satellite  of 
Neptune  and  an  eighth  satellite  of  Saturn,  besides  the  redis- 
covery of  two  satellites  of  Uranus.  Lord  Eosse's  new  colossal 
telescope  has  6  leet  clear  aperture  and  53  feet  focal  length. 
It  is  placed  in  the  meridian  between  two  piers,  each  12  feet 
distant  from  the  tube,  and  from  47  to  54  feet  in  height. 
Many  nebulse  which  no  previous  instrument  could  resolve, 
have,  by  this  magnificent  telescope,  been  resolved  into  clusters 
of  stars,  and  the  forms  of  other  nebulae  have  now  for  the  first 
time  been  shown  in  their  true  outlines.  The  quantity  of  hght 
reflected  from  the  surface  of  the  mirror  is  truly  wonderful. 

Morin,  who,  with  Gascoigne,  and  before  Keard  and  Auzout, 
first  combined  the  telescope  with  measuring  instruments,  con 
ceived,  about  1638,  the  idea  of  observing  stars  telescopically 
in  full  daylight.  He  says  himself  (^^)  that  he  "was  led  to 
a  discovery  whidi  may  become  important  for  the  determina- 
tion of  longitudes  at  sea,  not  by  Tycho  Brahe^s  great  labours 
on  the  positions  of  the  fixed  stars, — as,  in  1582,  and  there- 
fore twenty-eight  years  before  the  invention  of  the  telescope, 
he  compared  Venus  with  the  sun  in  the  day-time  and  with 
the  stars  at  night, — but  merely  by  the  simple  thought  that  it 
might  be  possible,  as  with  Venus  so  also  with  Arcturus  and 
other  fixed  stars,  once  having  them  in  the  field  of  view  of 
the  telescope  before  sunrise,  to  continue  to  follow  them  in 
the  heavens  after  sunrise.^'  No  one,  be  t^aid,  before  him 
"had  been  able  to  find  iiie  fixed  stars  in  the  broad  daylight,'^ 
Since  the  establishment  of  great  meridian  telescopes  by  Bomer 
in  1691,  day  observations  of  the  heavenly  bodies  have  been 
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frequent  and  highly  serviceable :  they  are  sometimes  usefully 
applied  even  to  the  measurement  of  double  stars.  Struve  (^'^) 
remarks,  that  with  the  Dorpat  refractor,  employing  a  magni- 
fying power  of  320,  he  had  determined  the  smaUest  distances 
apart  of  exceedingly  faint  double  stars  during  a  twilight  so 
bright  that  one  could  read  conveniently  at  midnight.  The 
Pole  star  has  a  companion  of  the  9th  magnitude  only  18" 
from  itself;  in  the  Dorpat  refractor  Struve  and  Wrangel 
have  seen  this  companion  in  the  day-time,  (^^)  as  have  also 
(once)  Encke  and  Argelander. 

The  reason  of  the  powerful  effect  of  telescopes  at  a  time 
when,  by  multiplied  reflection,  the  diffused  light  (^^7)  of  the 
atmosphere  is  injurious,  has  given  occasion  to  a  variety  of 
doubts.     As  an  optical  problem  it  was  regarded  with  the 
most  lively  interest  by  Bessel.      In  his  long  correspondence 
with  me  he  oft«n  returned  to  the  subject,  and  acknowledged 
that  he  could  find  no  solution  which  was  entirely  satisfactory 
to  him.     I  think  I  may  reckon  on  the  thanks  of  my  readers 
for  the  introduction  in  a  note  (^*®)  of  the  views  of  Arago,  as 
contained  in  one  of  the  many  manuscripts  which  T  was  per- 
mitted to  use  when  at  Paris.      According  to  his  ingenious 
explanation,  high  magnifying  powers  facilitate  the  finding 
and  recognition  of  the  fixed  stars,  because^  without  sensibly 
enlarging  their  image,  they  conduct  a  greater  quantity  of  in- 
tense light  to  the  eye,  whilst  they  act  according  to  a  different 
law  on  the  aerial  field  from  which  the  star  detaches  itself. 
The  telescope,  by  magnifying  the  distance  between  the  illu- 
minated particles  of  air,  darkens  the  field  of  view,  or  dimi- 
nishes the  intensity  of  its  illumination;  and  it  is  to  be 
remembered  that  we  see  only  by  the  differei^^e  between  the 
light  of  the  star  and  that  of  the  aerial  field,  /.  e.  the  mass  of 
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air  which  surrounds  it^  in  the  telescope.  The  case  of  the 
simple  ray  of  the  image  of  a  fixed  star  differs  from  that  of 
planetary  discs;  the  latter,  under  the  magnifying  power  of 
the  telescope,  losing  in  intensity  of  light  by  dilatation 
equally  with  the  aerial  field  from  which  they  detach  them- 
selves. It  is  also  to  be  noticed  that  high  magnifying 
powers  increase  the  apparent  rapidity  of  motion  in  the  fixed 
stars  as  well  as  in  the  planets.  In  instruments  which  are 
not  moimted  equatorially,  and  made  to  follow  the  movement 
of  the  heavens  by  means  of  clock-work,  this  circumstance 
may  facilitate  the  recognition  of  objects  in  the  day-time. 
New  points  on  the  retina  are  successively  stimulated.  Very 
faint  shadows,  as  Arago  has  remarked  elsewhere,  first  become 
visible  by  being  put  in  motion. 

Under  the  serene  sky  of  the  tropics  in  the  driest  season 
of  the  year,  I  have  often  been  able  to  find  the  pale  disc  of 
Jupiter,  in  a  DoUond's  telescope,  with  the  low  magnifying 
power  of  95,  when  the  sun  was  already  15®  or  18°  abovj 
the  horizon.  The  faintness  of  the  light  of  Jupiter  and  Sa- 
turn seen  in  the  day-time  in  the  large  Berlin  refractor,  and 
contrasted  with  the  brighter,  though  equally  refiected,  light 
of  the  planets  nearer  to  the  sun.  Mercury  and  Yenus,  has 
repeatedly  surprised  Dr.  Gralle,  Occultations  of  Jupiter's 
satellites  have  sometimes  been  observed  in  the  day-time  with 
powerful  telescopes  (by  Flaugergues,  1792;  and  Struve, 
1820).  Argelander,  at  Bonn  (7th  December,  1849),  saw 
very  clearly  three  of  Jupiter's  satellites  a  quarter  of  an  hour 
after  sunrise  with  a  5-feet  Fraunhofer.  He  could  not 
recognise  the  fourth  satellite.  His  assistant,  Herr  Schmidt, 
saw  still  later  the  emersiot»  from  behind  the  dark  limb  of 
the  moon  of  all  the  satellites  iaclading  the  fourth,  in  tiie 
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^  8-feet  heiiotneter.  The  detenninHtion  of  tlie  limits  of  telcB- 
^ic  visibility  of  small  stars  during  dajliglit,  in  different 
mates  and  at  different  elevations  above  the  level  of  theses, 
IS  both  an  optical  and  a  meteorological  interest. 

Among  the  phenomena  belonging  to  natural  and  tcle- 
Kopic  vision  which  are  remarkable  in  themselves,  and  of 
which  the  causes  are  much  contested,  is  the  nocturnal 
sparkling  (twinkling  or  scintillation)  of  the  stars.  According 
to  Arago,('^)  there  are  two  tlungs  to  be  essentially  distin- 
guished in  the  scintillation :  1,  alteration  in  the  intensity  of 
the  light  by  a  sudden  decrease,  amounting  even  to  extinc- 
tion, and  rckindhng ;  Z.  alteration  of  colour.  Both  altera- 
tions are  even  stronger  in  reality  than  they  appear  to  the 
naked  eye;  for  when  the  several  points  of  the  retina  are 
once  excited,  they  retain  the  impression  of  light  wliich  they 
have  received;  so  that  the  disappearance  of  the  star,  its 
obscuration,  and  its  change  of  colour,  are  not  felt  by  us  in 
tlieir  full  measure.  Still  more  striking  is  the  phenomenon 
of  scintillation  seen  through  a  telescope,  if  the  latter  is 
shaken.  Fresh  and  fresh  points  of  the  retina  are  excited, 
and  there  appear  coloured  and  often  iuterrupted  circles.  In 
atmosphere  composed  of  constantly  varying  strata  of  dif- 
int  temperature,  moisture,  and  density,  the  principle  of 
iterference  explains  how,  after  a  momentary  coloured  flash, 
there  follows  an  equally  momentary  disappearance  or  obscu- 
ration. The  undulation  theory  teaches  in  general  that  two 
raja  of  light  (two  systems  of  waves}  proceeding  from  one 
source  (one  centre  of  vibration)  by  the  inequality  of  their 
paths  destroy  each  other;  that  the  bght  of  one  ray,  added 
ito  that  of  the  other  ray,  produces  darkness.    When  one  sys- 
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tern  of  waves  is  so  far  behind  the  other  as  amounts  to  an 
uneven  number  of  semi-undulations,  the  two  systems  of 
waves  strive  to  impart  to  the  same  molecule  of  ether^  at  the 
same  instant^  equal  but  opposite  velocities ;  so  that  the  effect 
of  their  union  is  the  repose  of  the  molecule,  or  darkness. 
In  some  cases  it  is  rather  the  refrangibility  of  the  different 
atmospheric  strata  traversed  by  the  rays  of  light,  than  the 
different  length  of  their  paths,  which  performs  the  principal 
part  in  the  ph8enomenon.(^3aj 

The  degree  of  scintillation  is  strikingly  different  in  dif- 
ferent fixed  stars ;  not  dependent  solely  on  their  altitude  or 
their  apparent  magnitudes,  but  also,  it  would  seem,  on  the 
nature  of  their  particular  light.  Some,  for  example  a  Lyr», 
twinkle  less  than  Arcturus  and  Procyon.  The  absence  of 
scintillation  in  the  planets  with  the  lai^est  discs  is  to  be 
ascribed  to  compensation,  and  to  the  mixture  of  the  colours 
proceeding  from  different  points  of  the  disc.  The  disc  is 
to  be  regarded  as  an  aggregation  of  stars,  which  mutually 
restore  the  light  neutralised  by  interference,  and  recombine 
the  coloured  rays  into  white  light.  Thus  traces  of  scintil- 
lation are  most  rare  in  Jupiter  and  Saturn,  but  are  seen  iu 
Mercury  and  Venus,  whose  diameters  diminish  to  4"'4  and 
9"'5.  The  diameter  of  Mars,  at  the  time  of  conjunction, 
may  be  as  small  as  3"' 3.  In  the  clear  cold  winter  nights 
of  thfc  temperate  zone,  the  scintillation  of  the  stars  enhances 
the  impression  of  the  lustre  of  the  starry  heavens  from  the 
circumstance  that,  as  we  see  stars  of  the  6th  and  7th 
magnitudes  shine  forth  suddenly  here  and  there,  we  are  led 
to  imagine  that  we  perceive  more  shining  points  than  the 
unassisted  eye  can  really  distinguish.  Hence  arises  the 
popular  surprise  at  the  few  thousands  of  stars  noted  in 
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accurate  catalogaes  as  visible  to  the  naked  eye.  That  the 
trembling  light  of  the  fixed  stars  distinguishes  them  from 
the  planets^  was  early  known  to  the  Grecian  astronomers ; 
bat  Aristotle^  in  accordance  with  the  emanation  and  tangen- 
tial theory  of  vision  to  which  he  adhered^  singularly  enough 
ascribed  the  trembling  and  twinkling  of  tie  fixed  stars 
merely  to  an  effort  or  straining  of  the  eye.  ''  The  fixed 
stars/'  said  he, (^3^)  ''sparkle,  but  the  planets  do  not:  for 
the  planets  are  near^  so  that  the  sight  is  able  to  reach  them ; 
but  in  the  fixed  stars  {wpcg  Be  rove  fiiyovrag)  the  eye,  by 
reason  of  the  distance  and  the  effort,  falls  into  a  tremulous 
movement/' 

In  Galileo's  time,  between  1572  and  1604, — in  an  epoch 
of  great  events  in  cosmical  space,  and  when  three  new 
8tars(^^*),  brighter  than  stars  of  the  first  magnitude,  ap- 
peared suddenly,  and  one  of  them,  in  Cygnus,  continued  to 
shine  for  twenty-one  years, — Kepler's  attention  was  parti- 
cularly drawn  to  scintillation  as  the  probable  criterion  of 
a  non-planetary  body ;  but  the  state  of  optics  at  that  period 
did  not  permit  him  to  rise  above  the  ordinary  ideas  of  va- 
pours in  motion.  (^^3)  Also,  among  the  newly-appeared 
stars  mentioned  in  the  Chinese  annals,  according  to  the 
great  collection  of  Ma-tuan-lin,  the  strong  degree  of  scintil- 
lation is  sometimes  noticed. 

In  and  near  the  tropical  zone,  from  the  more  uniform 
character  of  the  atmospheric  strata,  the  comparative  or 
entire  absence  of  scintillation  in  the  fixed  stars  to  within 
twelve  or  fifteen  degrees  of  the  horizon,  gives  to  the  vault 
of  heaven  a  peculiar  character  of  repose  and  tranquil  bril- 
liancy. In  several  of  my  descriptions  of  nature,  I  have 
spoken  of  this  characteristic  of  the  tropics,  which  had  not 
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escaped  the  observation  of  La  Condamine  and  Booguer  in 
the  Peruvian  plains,  and  of  Garcin  (^3*)  in  Arabia,  India, 
and  on  the  coasts  of  the  Persian  Gulf,  near  Bender  Abassi. 

As  the  aspect  of  the  starry  heavens  at  the  season  of  per- 
petually clear  and  perfectly  cloudless  tropical  nights  had  for 
me  a  peculiar  charm,  I  took  the  pains  of  always  noting  in 
my  journals  the  altitude  above  the  horizon  at  which  the 
scintillation  ceased  with  different  hygrometrical  readings. 
Cumana,  and  the  rainless  part  of  the  Peruvian  sea-coast, 
before  the  season  of  Garua  or  fog,  were  particularly  suited 
for  such  observations.  According  to  the  mean  results  of 
my  observations,  the  larger  fixed  stars  would  appear  for  ihe 
most  part  to  scintillate  only  when  below  10°  or  12®  from 
the  horizon.  At  greater  altitudes  they  shed  a  mild  and 
planetary  light.  The  difference  is  best  recognised  by  fol- 
lowing the  same  star  in  its  gradual  ascent  or  descent,  mea- 
suring at  the  same  time  its  angle  of  altitude,  or  calculating 
it,  if  the  latitude  of  the  place  and  the  time  be  known. 
Sometimes,  in  equally  clear  and  equally  calm  nights,  the 
region  of  scintillation  extends  to  20°  and  even  25°  of  alti- 
tude ;  yet  there  could  hardly  ever  be  traced  any  connection 
between  these  differences,  and  the  state  of  the  thermometer 
and  hygrometer  as  observed  in  the  lowest,  and  only  accessi- 
ble, atmospheric  stratum.  I  have  seen  in  successive  nights, 
after  considerable  scintillation  of  stars  between  60°  and  70° 
high,  with  Saussure^s  hair  hygrometer  at  85°,  the  scintilla- 
tion cease  entirely  at  15°  above  the  horizon,  although  the 
humidity  of  the  air  had  so  much  increased  that  the  hygrometer 
had  advanced  to  93°.  It  is  not  the  quantity  of  aqueous 
vapour  which  the  atmosphere  holds  in  solution,  but  the 
unequal  distribution  of  vapour  in  the  superimposed  strata. 
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and  the  upper  currents  of  cold  and  warm  air,  not  perceptible 

in  the  lower  regions,  which  modify  the  iiitricftte  compensa- 
inry  movement  of  the  interferences  of  the  luminous  rays. 
The  presence  of  a  very  thin  orange-coloured  mist,  which 
tinged  the  sky  a  short  time  before  earthquake  shocks,  in- 
creased the  scintillation  of  the  starB  at  high  altitudes  in  a 
sinking  manner.  All  these  remarks  apply  to  the  perfectly 
dear,  cloudless,  and  rainless  season  of  the  tropical  zone  10 
or  12  degrees  north  and  south  of  the  equator,  The  changes 
which  take  place  in  the  phtenomeiia  of  the  light  of  the  stars 
at  the  commencement  of  the  rainy  season,  during  the  passage 
of  the  sun  through  the  zenith,  depend  on  vety  general  and 
ahnoat  tempestuous  meteorological  causes.  The  sudden 
ilackening  of  the  north-east  trade  wind,  and  the  iiiter- 
raption  of  the  regular  upper  currents  from  the  equator  to 
the  poles,  and  of  the  lower  currents  from  the  poles  to  the 
equator,  produce  the  formation  of  clouds,  and  the  daily 
occurrence,  at  certain  hours,  of  thunder  and  heavy  rain. 
I  have  remarked  in  several  successive  years,  in  places  where 
the  scintillation  of  stars  is  at  other  times  a  rare  occurrence, 
Ihat  the  approach  of  the  rainy  sejison  is  announced  many 
days  beforehand  by  the  tremnlous  light  of  stars  high  in  the 
heavens.  Sheet  lightning,  and  single  flashes  in  the  distant 
iTrizon,  without  visible  cloud,  or  in  narrow  perpendicularly 
tiaing  columns  of  cloud,  are  accompanying  signs.  In  seve- 
cal  of  my  works  I  have  tried  to  describe  these  changes  in 
the  physiognomy  of  the  heavens,  which  are  the  characteristic 
precursors  of  the  rainy  seasoni 

On  the  subject  of  the  velocity  of  light,  and  the  probability 
flmt  it  requires  a  certain  time  for  ita  propagation,  we  find 
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the  earliest  view  expressed  by  Francis  Bacon,  in  the  seoond 
book  of  the  Novum  Organum.  He  speaks  of  the  time  re- 
quired by  a  ray  of  light  to  traverse  the  immensity  of  space, 
and  throws  out  the  question  whether  the  stars  still  exist 
which  we  now  see  sparkle.  (^3^)  One  is  astonished  at  find- 
ing so  happy  a  conjecture  in  a  work  whose  celebrated  aathor 
was  so  far  below  some  of  his  cotemporaries  in  mathematical, 
astronomical,  and  physical  knowledge.  The  velocity  of  the 
reflected  solar  light  was  measured  by  Romer  (Novembei 
1675)  by  comparison  of  the  times  of  occultation  of  Jupiter's 
satellites ;  and  the  velocity  of  the  direct  light  of  the  fixed 
stars  by  Bradle/s  great  discovery  of  the  aberration  of  light 
(made  in  the  autumn  of  1727), — that  demonstration  to  our 
senses  of  the  earth's  movement  of  translation  in  its  orbit; 
viz.  of  the  truth  of  the  Copemican  system.  In  very  recent 
times  a  third  method  of  measurement  has  been  proposed  by 
Arago,  by  the  phsenomena  of  the  light  of  a  variable  star ;  for 
example,  Algol  in  Perseus.  (^^7)  ^e  have  to  add  to  these 
astronomical  methods  a  terrestrial  measurement,  which  has 
very  recently  been  executed  with  great  ingenuity  and  suc- 
cess by  M.  Fizeau,  in  the  neighbourhood  of  Paris.  It  recals 
to  recollection  an  attempt  of  Galileo's  with  two  lanterns, 
which  did  not  lead  to  any  result. 

From  Romer's  first  observations  of  Jupiter's  satellites, 
Horrebow  and  Du  Hamel  estimated  the  time  occupied  in 
the  passage  of  light  from  the  sun  to  the  earth,  at  their 
mean  distance  apart,  at  14'  7";  Cassini,  at  14'  10";  New- 
ton (^^sj^  which  is  very  striking,  much  nearer  to  the  truth, 
at  7'  30".  Delambre,(i39)  by  taking  into  account,  among 
the  observations  of  his  time,  only  those  of  the  first  sateUite, 
found  8*  13"*2.      Encke  has  very  justly  remarked  how 
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important  it  would  be^  with  the  certainty  of  obtaining  the 
more  accordant  results  which  the  present  perfection  of  tele- 
scopes would  afford^  to  undertake  a  series  of  occultations 
of  Jupiter's  satellites,  for  the  express  purpose  of  deducing 
the  velocity  of  light. 

From  Bradley's  observations  of  aberration,  recently  re- 
discovered by   Bigaud  of  Oxford,  there  follows,  accord- 
ing to   the  investigation   of  Dr.   Busch(**®)   of  Konigs- 
berg,  for  the  passage  of  light  firom  the  sun  to  the  earth, 
8'  12"-14 ;  for  the  velocity  of  the  Ught  of  the  stars  167976 
geographical  miles  in  a  second ;  and  for  the  •onstant  of 
aberration,  20"'2116  :  but,  from  the  more  recent  aberration- 
observations  of  Struve,  made  for  eighteen  months  with  the 
large  transit  instrument  at  Pulkova,(^^^)  it  appears  that  the 
first  of  these  numbers  must  be  considerably  increased.    The 
result  of  Struve's  great  investigation  is  8'  17"*78 ;  whence, 
with  the  aberration-constant,  20".  44-51,  with  Encke's  cor- 
rection of  the  Sim's  parallax  made  in  1885,  and  with  the 
value  of  the  earth's   semi-diameter  given  by  him  in  the 
Jahrbuch  for  1852,  we  have  for  the  velocity  of  light  166196 
geographical  miles  in  a  second.     The  probable  error  of  the 
velocity  scarcely    amounts    to  eight    geographical    miles. 
Strave's  result  for  the  time  which  light  requires  to  reach 
the  earth  from    the   sun    differs   -pj-ir  ^om  that  of  De- 
lambre  (8'  13"*2),  which  latter  was  employed  by  Bessel  in 
fte  TabulsB  Begioraontan®,  and  has  been  used  hitherto  in 
fte  Berlin  Astronomical  Almanack.     The   discussion   of 
Uris  subject  cannot  be  regarded  as  completely  terminated ; 
but  the  earlier  entertained  supposition,  that  the  velocity  of 
^be  light  of  the  Pole-star  was  less  than  that  of  its  companion 

ii^  the  ratio  of  13.3  :  184,  remains  subject  to  great  doubts. 
Vol.  Ill,  B 
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A  physicist  distinguished  for  his  knowledge  as  well  as  for 
his  great  delicacy  in  experimenting,  M.  Fizeau,  has  succeeded 
in  executing  a  terrestrial  measurement  of  the  velocity  of 
light,  by  means  of  an  ingeniously  devised  apparatus,  in  which 
the  artificial  star-like  light  of  oxygen  and  hydrogen  is  returned 
to  the  point  from  whence  it  came,  by  a  mirror  placed  at  a 
distance  of  8633  mtoes  (28324  English  feet),  between 
Suresne  and  La  Butte  Montmartre.  A  disc,  furnished  with 
720  teeth,  which  made  12*6  revolutions  in  a  second,  alter- 
nately stopped  the  ray  of  light,  and  allowed  it  to  pass  freely 
between  the  teeth  of  the  limb.  Prom  the  indications  of  a 
counter  (compteur)  it  was  inferred,  that  the  artificial  light 
traversed  17266  mtoes  (56648  Eng.  feet),  or  twice  the 
distance  between  the  stations,  in  rwro  o^  ^i  second  of  time ; 
whence  there  results  a  velocity  of  167528  geographical  miles 
in  a  second.  {^^^)  This  result  comes  nearest  to  that  ot 
Delambre  derived  from  Jupiter's  satellites,  which  is  167976 
geographical  miles  in  a  second. 

Direct  observations,  and  ingenious  considerations  on  the 
absence  of  any  alteration  of  colour  during  the  change  of  light 
of  variable  stars,  (a  subject  to  which  I  shall  presently  re- 
turn), have  led  Arago  to  the  conclusion  that,  (in  the  language 
of  the  undulatory  theory),  rays  of  light  which  have  different 
colours,  and  therefpre  very  different  lengths  and  rapidities  of 
transverse  vibration,  move  through  space  with  equal  velo- 
cities; but  that  in  the  interior  of  the  different  bodies  through 
which  the  coloured  rays  pass,  their  rates  of  propagation  and 
their  refractions  are  diflferent.  {^^^)  Arago's  observations 
have  shown  that  in  the  prism  the  refraction  is  ni)t  altered 
by  the  relation  which  the  velocity  of  light  bears  to  that  of 
the  Earth's  motion.     All  the  measurements  accord  in  the 
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result,  that  the  light  of  the  stars  towards  which  the  Earth  is 
advancing  has  the  same  index  of  refraction,  as  the  light  of 
the  stars  from  which  the  Earth  is  receding.  Speaking  in  the 
language  of  the  emission  hypothesis,  the  celebrated  observer 
we  have  just  named  said,  that  bodies  send  forth  rays  of  all 
velocities,  but  that  among  these  different  velocities  there  is 
only  one  which  can  awaken  the  sensation  of  light.  (^**) 

If  we  compare  the  velocities  of  solar,  sidereal,  and  terres- 
trial light,  which  all  comport  themselves  exactly  in  the  same 
manner  in  the  prism,  with  the  velocity  of  the  current  of 
friction-electricity,  we  are  inclined  to  assign  to  the  latter, 
according  to  the  experiments   devised  with  admirable  in- 
genuity by  Wheatstone,  a  velocity  superior  to  the  former 
in  the  ratio  of  at  least  3  to  2.      According  to  the  lowest 
results  of  Wheatstone's  optical  rotating  apparatus,  the  elec- 
tric current  traverses   288000   English  statute  miles,  or 
250000  geographical  miles,  in  a  second.  (  **)     [f,  then,  we 
reckon  with   Struve  for  sidereal  light  in  the  aberration- 
observations  166196  geographical  miles  in  a  second,  we  get 
a  difference  of  83804  geographical  miles  in  a  second  for  the 
greater  velocity  of  the  electric  current. 

This  result  appears  to  contradict  the  previously  mentioned 
view  of  William  Uerschel,  which  regarded  the  light  of  the 
sun  and  of  the  fixed  stars  as  perhaps  the  effect  of  an  electro- 
magnetic process, — a  perpetual  Aurora.  I  say  appears  to 
contradict ;  for  it  cannot  be  deemed  impossible  that,  in  the 
different  luminous  bodies  of  space,  there  may  be  several 
magneto-electric  processes  very  different  in  kind,  and  in 
which  the  light  produced  by  the  process  may  have  a  different 
rate  of  propagation.  To  this  possible  conjecture  must  be 
added  the  uncertainty  of  the  numerical  result  obtained  with 
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Wheatstone^s  apparatus,  which  result  he  himself  regards  as 
"  not  sufficiently  established,  and  as  requiring  fresh  confir 
mation^'  in  order  to  be  compared  satisfactorily  with  the  de- 
ductions from  aberration-  and  satellite-  observations. 

Later  experiments  made  by  Walker  in  the  United  States 
of  North  America  on  the  velocity  of  the  propagation  of  elec- 
tricity, on  the  occasion  of  his  telegraphic  determinations  of 
the  longitudes  of  Washington,  Philadelphia,  New  York,  and 
Cambridge,  have  excited  a  lively  interest  in  the  minds  of 
physical  enquirers.      According  to  Steiuheil^s  description  of 
these  experiments,  the  astronomical  clock  of  the  Observatory 
at  Philadelphia  was  connected  with  Morsels  writing  appa- 
ratus on  the  line  of  telegraph  in  such  manner,  that  the  clock^s 
march  noted  itself  by  points  on  the  endless  strip  of  paper  of 
the  apparatus.     The  electric  telegraph  carries  each  of  these 
points  instantaneously  to  the  other  stations,  and  gives  them 
the  Philadelphia  time  by  similar  points  on  their  moving  strips 
of  paper.     Arbitrary  signals,  or  the  instant  of  the  passage  of 
a  star,  may  be  noted  in  the  same  manner  by  the  observer,  by 
merely  touching  or  pressing  an  index  with  his  finger.     The 
material  advantage  of  this  American  method  consists,  as 
Steinheil  expresses  it,  "  in  its  making  the  determination  of 
time   independent  of   the  connection  of   the  two  senses, 
sight  and  hearing ;  as  the  clock's  march  notes  itself,  and  the 
instant  of  the  star's  passage  is  given  direct  (to  within  a  mean 
error  of  the  70  th  part  of  a  second,  as  Walker  states)  by  the 
movement  of  the  observer's  finger.     A  constant  difference 
between  the  compared   clock-marks  of  Philadelphia  and 
Cambridge  is  produced  by  the  time  which  the  electric  cur- 
rent requires  to  traverse  twice  the  closed  circuit  between  the 
two  stations." 


PORTION  OF  THE  COSMOS. — VELOCITY  OF  LIGHT.         77 

Measarements  made  with  condactors  1050  Eng.  statute 
miles,  or  968  geographical  miles,  in  length,  gave,  from  18 
equations  of  condition,  the  rate  of  propagation  of  the  hydro- 
galvanic  current  at  only  18700  statute  or  16240  geogra- 
phical miles  in  a  second ;  {^*^)  i,  e.  fifteen  times  slower  than 
the  electric  current  in  Wheatstone^s  rotating  disc  apparatus ! 
As  in  Walker's  remarkable  experiments  two  wires  were  not 
used,  but  half  the  conduction,  according  to  the  common  ex- 
pression, took  place  through  the  moist  body  of  the  earth,  it 
might  seem  a  justifiable  supposition  that  the  velocity  of  the 
propagation  of  electricity  is  dependent  on  the  nature  as  well  as 
on  the  dimensions  (^*7)  of  the  medium.  In  the  voltaic  circuit 
bad  conductors  become  more  heated  than  good  conductors, 
and  electric  discharges  are  very  variously  complicated  phe- 
nomena, as  appears  by  the  latest  experiments  of  Riess.  (^*®) 
The  now  prevailing  views  respecting  what  is  commonly  called 
"connection  through  the  Earth''  are  opposed  to  the  view  of 
linear  molecular  conduction  between  the  two  ends  of  the  wire, 
and  to  the  conjectures  of  impediments  to  conduction,  and  of 
accumulation  and  discharges  in  a  current ;  as  that  which  was 
once  regarded  as  intermediate  conduction  in  the  Earth  is  now 
supposed  to  belong  only  to  an  equalisation  or  to  a  restora- 
tion of  electric  tension. 

Although,  according  to  the  present  limits  of  exactness  in 
this  kind  of  observation,  it  is  probable  that  the  aberration- 
constant,  and  therefore  the  velocity  of  light,  of  all  the  fixed 
stars,  is  the  same,  yet  the  possibility  has  more  than  once 
been  spoken  of,  that  there  may  be  luminous  bodies  in  space 
whose  light  does  not  reach  us  because,  from  their  enormous 
mass,  gravitation  constrains  the  luminous  particles  to  return. 
The  emission    theory  gives  to    such  fancies   a  scientific 
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form :  (**9)  I  only  allude  to  them  here,  because  T  shall  sub- 
sequently have  to  notice  certain  peculiarities  of  motion 
ascribed  to  the  star  Procyon,  which  appear  to  point  to  a 
perturbation  by  dark  bodies.  It  is  the  object  of  this  part  of 
my  work  to  touch  on  matters  which,  during  the  time  in 
which  it  has  been  in  progress,  have  influenced  the  direction 
which  science  has  pursued,  and  thus  to  mark  the  individual 
character  of  the  epoch  in  regard  to  the  study  of  Nature, 
whether  in  the  sidereal  or  the  telluric  sphere. 

The  photometrical  relations,  or  relative  brightness,  of  the 
self-luminous  bodies  which  fill  space,  have  formed  a  subject 
of  scientific  observation  and  estimation  for  more  than  two 
thousand  years.  The  description  of  the  starry  heavens  in- 
cluded not  only  the  determinations  of  place,  the  measure- 
ment of  the  angular  distances  of  the  heavenly  bodies,  and  of 
their  paths  relatively  to  the  apparent  course  of  the  sun  and 
the  diurnal  movement  of  the  celestial  vault,  but  also  the 
relative  intensity  of  light  in  different  stars.  It  was  no 
doubt  the  subject  which  earliest  drew  the  attention  of  men; 
single  stars  received  names  before  they  were  combined 
with  others  kito  imaginary  groups  or  constellations.  Among 
the  small  savage  tribes  inhabiting  the  densely  wooded 
districts  of  the  Upper  Orinoco  and  Atabapo,  in  places  where 
the  impenetrable  thickness  of  the  forest  usually  obliged  me 
to  observe  only  high  culminating  stars  for  determinations  of 
latitude,  I  often  found  single  individuals,  especially  old  men, 
who  gave  particular  names  to  Canopus,  Achemar,  the  feet 
of  the  Centaur,  and  the  principal  star  in  the  Southern  Cross. 
Supposing  the  list  of  constellations  which  we  have  under  the 
name  of  the  Catasterisms  of  Eratosthenes  really  to  possess  the 
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high  antiquity  so  long  ascribed  to  it,  (between  Autolycus  of 
Pitane  and  Timocharis,  almost  a  century  and  a  half,  therefore, 
before  Hipparchus),  we  should  possess  in  the  astronomy 
of  the  Greeks  an  indication  of  the  time  \ihen  the  fixed  stars 
were  not  yet  classed  accgrding  to  their  relative  brightness. 
In  the  Catasterisms,  in  speaking  of  the  stars  which  make 
up  a  consteUation,  there  is  often  a  notice  of  the  number  of 
those  which  are  "  brightest'^  or  "  largest"  among  them,  while 
others  are  said  to  be  dark  or  little  noticeable,  ("^)  but 
nothing  is  said  of  the  stars  in  one  constellation  relatively  to 
those  in  another.     According  to  Bemhardy,  Baehr,  and 
Letronne,  the  Catasterisms  are  two  centuries  more  modern 
than  the  Catalogue  of  Hipparchus,  and  are  a  mere  compila- 
tion made  without  much  care,  an  extract  from  the  Poeticum 
astronomicum  ascribed  to  Julius  Hyginus,  if  not  from  tlie 
*££/i$c  of  the  ancient  Eratosthenes.      The    Catalogue    of 
Hipparchus,  which  we  possess  in  the  form  given  to  it  in  the 
Almagest,  contains  the  first  and  important  determination  of 
the  classes  of  magnitude  (degrees  of  brightness)  of  102£ 
stars,  or  about  l-5th  of  all  the  stars  visible  to  the  naked 
eye  in  the  whole  heavens  between  the  1st  and  6th  magni- 
tudes inclusive.     Whether  the  estimations  are  exclusively 
Hipparchus's  own,  or  whether  they  do  not  rather  belong  in 
part  to  the  observations  of  Timocharis  or  Aristyllus  which 
Hipparchus  so  often  used,  remains  uncertain. 

This  work  formed  the  foundation  on  which  the  Arabians 
and  the  whole  of  the  middle  ages  continued  to  build ;  and 
even  the  habit  which  has  been  carried  on  into  the  19th 
century,  of  limiting  the  number  of  stars  of  the  1st  magnitude 
to  15  (Madler  counts  18,  and  Eiimker,  after  a  careful  exami- 
nation of  the  southern  heavens,  above  W),  is  derived  from 
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the  classiBcatiou  of  the  Almagest  at  the  close  of  the  Table  of 
Stars  in  the  8th  book.  Ptolemy,  with  reference  to  unas- 
sisted vision,  called  all  stars  *'  dark"  which  were  fainter  than 
his  8th  class,  of  which  class  singularly  enough  he  gives 
only  49,  almost  equally  distributed  in  the  two  hemispheres. 
Considering  that  the  table  includes  about  a  fifth  part  of  the 
stars  visible  to  the  naked  eye,  it  ought,  according  to  Arge- 
lander's  investigations,  to  have  given  640  stars  of  the  6th 
magnitude.  The  nebulous  stars  (v€0€\o£ih'ig)  of  Ptolemy, 
and  of  the  Catasterisms  of  the  Pseudo-Erastosthenes,  are 
mostly  small  clusters  of  stars  (^^i)  which,  in  the  purer  air  of 
southern  skies,  appear  as  nebulse.  I  rest  this  conjecture 
more  particularly  on  the  mention  of  a  nebula  in  the  right 
hand  of  Perseus.  Galileo,  to  \yhom,  as  well  as  to  the  Greek  and 
Arabian  astronomers,  the  nebula  in  Andromeda,  although 
visible  to  the  naked  eye,  was  unknown,  said,  in  the  Nuncius 
sidereus,  that  "  stellse  nebulosse"  are  no  other  than  clusters 
of  stars,  which  as  "areolae  sparsim  per  sethera  fulgent." (i*^) 
The  expression  ''order  of  magnitude"  {rwy  fieyaXwy  raiie), 
although  referring  only  to  brilliancy,  yet  led,  as  early 
as  the  9th  century,  to  hypotheses  respecting  the  diameters  of 
stars  of  different  degrees  of  brightness ;  {^^^)  as  if  the  in- 
tensity of  the  light  did  not  depend  on  the  distance,  the 
volume,  the  mass,  and  the  peculiar  nature  or  character  of 
the  surface  of  the  body,  as  more  or  less  favourabie  to  the 
luminous  process  or  production  of  light. 

At  the  time  of  the  Mogul  Power  in  the  15th  century, 
when,  under  Ulugh  Beig,  the  descendant  of  Timour, 
astronomy  flourished  in  the  highest  degree  at  Samarcand, 
photometric  determinations  received  such  an  impulse,  that 
each  of  the  six  classes  or  orders  of  magnitude  of  Ilipparchus  and 
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Ptolemy  were  divided  iiito  three  subdivisions;  distinguishing, 
for  example,  small,  middling,  and  large,  of  the  second  mag- 
nitude;  reminding  us  of  the  attempts    of   Struve    and 
irgelander,  in  our  own  day,  to  introduce  decimal  grada- 
tions. (^^)     In  the  tables  of  Ulugh  Beig,  this  photometric 
advance,  or  more  exact  determination  of  different  degrees  of 
light,  is  ascribed  to  Abdurrahman  Sufi,  who  had  published  a 
work  specially  '^  on  the  knowledge  of  the  fixed,^'  or  fixed 
stars,  and  who  first  noticed  the  existence  of  one  of  the  ma- 
gdlanic  clouds  ui.der  the  name  of  the  "  White  Ox."     Since 
the  introduction  of  telescopic  vision,  and  its  gradual  improve- 
ment, estimations  of  successive  gradations  of  light  have  ex- 
tended far  beyond  six  classes  or  magnitudes.     The  desire  of 
comparing  with  the  light  of  other  stars  the  newly-appeared 
stars  in  Cygnus  and  Ophiuchus,  (the  first  of  which  continued 
to  shine  for  21  years),  at  successive  stages  of  their  increasing 
and  decreasing  light,  gave  a  stimulus  to  photometric  con- 
siderations.   The  so-called  "  dark"  stars  of  Ptolemy,  or  those 
below  the  6th  magnitude,  received  numerical  denominations 
con^ponding  to  the  relative  intensity  of  their  light.     ''  As- 
tronomers,'^ says  Sir  John  Herschel,  "  who  are  accustomed 
to  the  use  of  powerful  space-penetrating  telescopes,  pursue  the 
descending  gradations  of  light  from  the  8th  down  to  the  16th 
magnitude.^'  (*^^)     But  with  such  faint  degrees  of  light,  the 
^'^Dominations  of  the  different  classes  of  magnitude  some- 
times become  very  uncertain;     and     Struve   occasionally 
reckons  as  belonging  to  the  12th  or  13th  magnitude  stars 
which  John  Herschel  calls  of  the  18th  or  even  20th. 

This  is  not  the  place  for  examining  in  a  critical  manner 
the  very  different  methods  which  have  been   applied  to 
photometric  determinations,  during  the  last  century  and  a  half, 
VOL.  nj.  E  2 
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from  Auzout  and  Huygens  to  Bouguer  and  Lambert ;  and 
from  William  Herschel,  Eumford,  and  Wollaston,  to  Stein- 
heil  and  John  Herschel.  It  is  sufficient^  according  to  the 
object  of  this  work^  to  notice  them  in  a  brief  and  general 
manner.  Tiiey  include  comparison  with  the  shadows  of 
artificial  lights  differing  in  number  and  distance }  diaphragms; 
plane  glasses  of  different  thicknesses  and  colours ;  artificial 
stars  formed  by  reflection  on  glass  globes;  two  7  feet 
telescopes  so  placed  that  the  observer  could  pass  from 
one  to  the  other  in  scarcely  more  than  a  second  of  time; 
reflecting  instruments,  in  which  two  stars  which  were  to  be 
compared  could  be  seen  at  once,  after  the  telescope  had 
been  so  arranged  that  the  star  which  was  seen  direct  had 
given  two  images  of  equal  intensity ;  (^^^)  apparatuses  wiUi 
a  mirror  ada])ted  to  the  objective,  and  with  shades,  the 
degree  of  intensity  being  measurable  on  a  ring ;  tele- 
scopes .with  divided  object-glasses,  each  half  of  which 
received  the  star's  light  through  a  prism;  and  astro- 
meters,  (^^7)  ill  which  the  image  of  the  Moon,  or  of  Jupiter, 
is  reflected  by  a  prism,  and  this  image  is  concentrated  by  a 
lens,  at  different  distances,  into  a  brighter  or  fainter  star. 
The  distinguished  astronomer,  who  in  modern  times  has 
most  zealously  pursued  in  both  hemispheres  the  numerical 
determination  of  the  intensity  of  light  in  different  stars. 
Sir  John  Herschel,  owns,  notwithstanding  what  he  has  him- 
self accomplished,  that  the  practical  application  of  exact 
photometric  methods  must  still  be  regarded  as  a  ^^  deside- 
ratum in  astronomy,^'  and  that  "photometry  or  the  measure- 
ment of  light  is  still  in  its  infancy .''  The  increasing  inte- 
'•cst  taken  in  variable  stars,  and  a  new  cosmical  event  in 
the  extraordinary  augmentation  of  light  in  a  star  of  the  ship 
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Argo,  in  1887,  have  made  the  want  of  better  photometric 
processes  more  than  ever  felt. 

It  is  material  to  distinguish  between  the  mere  successive 
arrangement  of  stars  in  the  order  of  their  brilliancy,  but  with- 
out numerical  estimations  of  the  intensity  of  light,  (the 
Scientific  Manual  for  Naval  Officers,  published  by  the  British 
AdmirsJty,  contains  such  a  list),  and  classifications  with  num- 
bers appended  expressing  the  intensity  of  light,  either  unde^ 
the  form  of  so-called  relations  of  magnitude,  or  by  the  more 
hazardous  assignment  of  the  quantities  of  radiated  light.  (^^^) 
llie  first  numerical  series,  founded  on  estimations  with  the 
naked  eye,  but  progressively  improved  by  a  careful  revision 
of  the  materials,  (^^^)  probably  deserves,  in  the  present  very 
imperfect  stateof  pliotometric  apparatus,  the  preference  among 
the  different  approximate  methods ;  although  the  exactness 
of  the  estimations  is  no  doubt  impaired  by  differences  in  the 
individual  powers  and  habits  of  different  observers, — the 
clearness  of  the  atmosphere, — the  different  altitudes  of  the 
stars  which  are  to  be  compared,  and  which  can  only  be  so 
by  means  of  many  intermediate  links, — and,  above  all,  by 
inequalities  of  colour.  Very  bright  stars  of  the  1st  magni- 
tude, Sirius  and  Canopus,  a  Centauri  and  Achernar,  Deneb 
and  a  LyrsB,  though  they  have  all  white  light,  are  much 
more  difficult  to  compare  with  each  other  by  estimation  with 
the  naked  eye,  than  are  stars  of  fainter  light, — as,  for  ex- 
ample, those  below  the  6th  and  7th  magnitudes.  But  the 
difficulty  is  still  greater  with  stars  of  very  intense  light, 
when  yellow  stars  like  Procyon,  Capella,  or  Atair,  are  to 
be  compared  v^dth  red  ones  like  Mdebaran,  Arcturus,  and 
Betelgeuze.(i^) 

Sir  John  Herschel,  by  means  of  a  photometric  comparison 
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of  the  Moon  with  the  double  star  a  Gentauri  in  the  southern 
heavens^  the  third  in  brightness  of  all  the  fixed  stars,  has 
attempted  to  determine  the  ratio  between  the  intensity  of  the 
solar  light,  and  the  light  of  a  star  of  the  1st  magnitude ;  ful- 
filling thereby  (as  had  been  earlier  done  by  Wollaston)  a 
wish  expressed  by  John  Michell  (*^^)  in  1767.     Prom  the 
mean  of  1 1  measurements  made  with  a  prismatic  apparatus. 
Sir  John  Herschel  found  the  full  moon  27408  times  brighter 
than  a  Gentauri.     Now  the  light  of  the  Sun  is,  according 
to  Wollaston,  (i62)  801072  times  greater  than  that  of  the 
full  moon ;  whence  it  follows  that  the  light  which  the  Sun 
sends  to  us  is  to  that  which  we  receive  from  a  Gentauri 
about  as  22000  millions  to  1.     Hence  it  would  follow  with 
great  probability  that,  if  we  take  into  account  the  distance 
of  a  Gentauri  according  to  its  parallax,  its  inherent  (absolute) 
]ight  would  be  2*3  times  as    great  as  that  of  our  Sun. 
Wollaston  found  the  brightness  of  Sirius  20000  million 
times  less  than  that  of  the  Sun ;   and  according  to  what 
is  now  supposed  to  be  known  in  respect  to  the  parallax 
of  Sirius,  (0"*230),  its   actual  (absolute)  light  would   be 
63  times  greater  than  that  of  the  Sun.  {^^^)     Oar  Sun 
would   thus  be,   in   regard  to  the  intensity  of  its  light, 
one  of  the  fainter  of  the  fixed  stars.     Sir  John  Herschel 
estimates  the  light  of  Sirius  as  equal  to  that  of  nearly  two 
hundred  stars  of  the  6th  magnitude.     As  from  analogy  with 
what  we  already  know  it  is  very  probable  that  all  cosmical 
bodies  change  their  place  in  space,  as  well  as  the  strength 
of  their  light, — though  it  may  be  only  in  very  long  and  un- 
measured periods  of  time, — and  remembering  the  dependence 
of  all  organic  life  on  temperature  and  the  strength  of  the 
Sun^s  light,  the  improvement  of  photometry  appears  deserving 
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of  being  regarded  as  a  great  and  serious  object  of  scientific 
mvestigation.  This  improvement  can  alone  render  it  possi- 
ble to  leave  to  fdtore  generations  numerical  determinations 
respecting  the  light  of  the  heavenly  bodies.  Many  geolo- 
gical phsenomena  which  connect  themselves  with  the  thermic 
state  of  our  atmosphere^  and  relate  to  the  former  distribution 
of  plants  and  animals  on  the  surface  of  our  globe^  may  be 
ducidated  thereby.  More  than  half  a  century  ago  such 
considerations  had  not  escaped  the  great  investigator  William 
Herschel^  who  before  the  close  connection  between  electricity 
and  magnetism  had  been  discovered^  compared  the  ever 
luminous  cloud-envelopes  of  the  solar  orb^  to  the  Polar  Light 
of  the  terrestrial  globe.  Q^) 

Arago  recognised  in  the  complementary  condition  of  co- 
loured rings  seen  by  transmission  and  reflection^  the  most  pro* 
mising  means  of  a  direct  measure  of  the  int.ensity  of  light.  I 
give  in  a  note(*^)  in  my  friend's  own  words  a  statement  of 
his  photometric  method,  to  which  he  has  also  added  the 
optical  principle  on  which  his  cyanometer  rests. 

The  so-called  relative  magnitudes  of  the  fixed  stars  now 
given  in  our  Catalogues  and  Star  Maps  are  partly  belonging 
to  the  same  epoch,  and  partly  include  alterations  of  light 
belonging  to  different  epoclis.  We  cannot,  however,  as  was 
long  assumed,  take  as  a  safe  criterion  of  such  changes,  the 
succession  of  the  letters  of  the  alphabet  appended  to  the 
stars  in  the  Uranometria  Eayeri,  which  has  been  in  such 
extensive  use  since  the  beginning  of  the  17th  century. 
Argelander  has  shewn  that  we  cannot  infer  relative  bright- 
ness from  alphabetical  order,  and  that  Bayer  allowed  himself 
to  be  guided  in  the  choice  of  letters  by  the  shape  and 
direction  of  the  constellations.  (^^^) 
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III. 


NUMBER,  IiISTRIBUTION,  AND  COLOUR  OP  THE  PDIBD  STARS — 

CLUSTERS  OF  STARS. — MILKY  WAY,  IN  WHICH  A  FEW 

NEBULiE  ARE  INTERSPERSED. 

I  HAVE  already  alluded,  in  the  first  section  of  this  frag- 
mentary Astrognosy,  to  a  consideration  which  was  first  pro- 
posed by  Olbers.  (^^7)  If  the  whole  vault  of  heaven  were 
covered  with  a  countless  succession  of  starry  strata  one 
behind  another,  forming  an  unbroken  starry  canopy,  then,  sup- 
posing als6  their  light  to  be  unenfeebled  in  traversing  space, 
no  single  constellation  could  be  recognised  amidst  the  uni- 
versal brightness.  The  Moon  would  be  seen  as  a  dark  disk, 
and  the  Sun  would  be  known  only  by  his  spots.  I  have  been 
forcibly  reminded  of  a  state  of  the  heavens  which,  totally  op- 
posite in  its  cause,  would  be  equally  disadvantageous  to  human 
knowledge,  by  what  takes  place  during  a  portion  of  the  year 
on  the  Peruvian  plain  between  the  shores  of  the  Pacific  and  the 
chain  of  the  Andes.  A  thick  mist  covers  the  sky  for  several 
months  during  the  season  called  "  el  tiempo  de  la  garua/' 
No  planet,  not  one  even  of  the  brightest  stars  of  the  Southern 
Hemisphere,  neither  Canopus,  nor  the  Southern  Cross,  nor 
the  two  bright  stars  of  the  Centaur,  are  visible.  Often  one 
oan  hardly  conjecture  the  place  of  the  Moon,     If,  occasion- 
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ally  during  the  day-time  it  is  possible  to  distinguish  the 
outline  of  the  Sun^s  disk^  it  appears  rayless ;  shorn  of  its 
beams^  as  if  viewed  through  a  coloured  glass ;  usually  of  a 
yellowish  red  or  orange  colour ;  now  and  then  white,  or  most 
rarely  bluish  green.  Navigators,  driven  by  the  cold  oceanic 
current  flowing  from  south  to  north,  and  unable  to  obtain 
observations  for  latitude,  sail  past  the  harbour  which  they 
desire  to  euter.  It  is  only,  as  I  have  shown  elsewhere, 
by  the  use  of  the  dipping  needle  (^^®)  that,  thanks  to  the 
direction  of  the  magnetic  lines  in  that  part  of  the  globe, 
they  may  be  enabled  to  avoid  error. 

Bouguer  and  his  coadjutor,  Don  Jorge  Juan,  complained 
long  before  me  of  the  "  unastronomical  sky  of  Peru.'^     A 
grave  consideration  is  su^ested  by  the  character  of  this  atmo- 
spheric stratum,  which  is  so  unfavourable  to  the  transmission 
of  light,  and  so  unfitted  for  electric  discharges,  that  thunder 
and  lightning  are  unknown   there,  and  which  veils  the 
plains  in  constant  mist,  while  above,  the  Cordilleras  raise 
aloft,  free  and  unclouded,  their  elevated  plains  and  snowy 
summits.      According  to  the  conjectures    which  modern 
geology  leads  us  to  form  respecting  the  ancient  history 
of  our  atmosphere,  its  primitive  state,  in  respect  to  com- 
position and   density,  must  have  been  but  little  favouri^ 
able  to  the  passage  of  light.   If,  then,  we  think  of  the  many 
processes  which  may  have  been  in  operation  in  the  early 
state  of  the  crust  of  the  globe,  in  the  separation  of  solid,  liquid, 
and  gaseous  substances,  we  are  impressed  with  a  view  of  how 
possible  it  must  have  been,  that  we  should  have  been  subjected 
to  conditions  and  circumstances  very  different  from  those 
which  we   actually  enjoy.      We    might  have  been  sur- 
rounded by  an  untransparent  atmosphere,  which,  while  but 
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little  unfavourable  to  the  growth  of  several  kinds  of  vegeta- 
tion, would  have  veiled  from  us  the  whole  starry  firmament. 
Man^s  investigating  spirit  would  then  have  been  deprived  of 
all  knowledge  of  the  structure  of  the  Universe.  Creation 
would  have  appeared  to  us  limited  either  solely  to  our  own 
Globe,  or  comprising,  ct  the  utmost,  the  Sun  and  Moon  be- 
sides. Universal  space  would  have  seemed  to  us  to  be  occu- 
pied only  by  a  triple  star,  consisting  of  Sun,  Earth,  and  Moon. 
Deprived  of  a  great,  and,  indeed,  of  the  most  sublime  part 
of  liis  ideas  of  the  Cosmos,  Man  would  have  been  without 
the  inducements,  which  have  unceasingly  stimulated .  him 
during  thousands  of  years  to  the  solution  of  difficult  and  im- 
portant problems,  and  have  exercised  so  beneficial  an  influence 
on  the  most  brilliant  advances  in  the  higher  departments  of 
mathematics.  Before  pioceeding  to  the  enumeration  of 
that  which  we  have  already  attained,  it  may  be  permitted 
to  us  thus  briefly  to  glance  at  a  danger  from  which  we. 
have  been  preserved,  and  which  might  have  opposed  impass- 
able physical  barriers  to  the  full  intellectual  development  of 
our  race. 

In  the  consideration  of  the  number  of  heavenly  bodies 
which  fill  space,  three  questions  are  to  be  distinguished  :-^ 
How  many  fixed  stars  are  seen  with  the  naked  eye  ?  how 
many  of  these  have  been  progressively  catalogued,  together 
with  the  determination  of  their  places  (in  latitude  and  longi- 
tude, or  in  declination  and  right  ascension)  ?  and  what  is 
the  number  of  stars,  from  the  1st  to  the  9th  and  lOtih 
magnitudes,  which  have  been  seen  through  telescopes  in  all 
parts  of  the  heavens  ?  These  three  questions  admit  of  being 
answered,  approximately  at  least,  according  to  the  materials 
already  supplied  by  observation.    Of  a  different  class  are 
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the  conjectures  wliich,  founded  on  the  "star-gaugings''  of 
particular  parts  of  the  Milky  Way^  touch  the  theoretical 
solution  of  the  question — How  many  stars  would  be  distin- 
guished  over  the  whole  heavens   by   Herscliel's   20-foot 
telescope^  comprehending  all  those  stars  whose  light  is  be- 
lieved(*^^)  to  have  required  2000  years  to  reach  the  Earth  ? 
The  numerical  data  which  I  here  publish  on  this  subject 
are  chiefly  taken  &om  the  final  results  obtained  by  my  highly 
esteemed  friend  Argelander^  Director  of  the  Astronomical 
Observatory  at  Bonn.     The  author  of  the  ''  Review  of  the 
Northern  Heavens'^  has  carefully  examined  for  me  afresh, 
at  my  request,  the  data  supplied  by  Star-catalogues  up  to 
the  present  time.     In  the  lowest  class  of  stars  visible  to  the 
Daked  eye  some  uncertainty  is  occasioned  by  the  difference 
of  estimation  caused  by  organic  differences  in  individual  ob- 
servers, stars  between  the  6th  and  7  th  magnitudes  being  found 
among  those  of  the  6th  magnitude.     By  a  variety  of  com- 
binations we  obtain,  as  a  mean  number,  from  5000  to  5800 
as  the  number  of  stars  visible  to  the  unassisted  eye,  through- 
out the  entire  heavens.     The  distribution  of  the  fixed  stars 
in  descending  magnitudes  down  to  the  9th,  is  given  by 
Argelander(^7oj  approximately  as  follows  : — 

Utmagnaitade.  2nd  ma^niitade.  3rd  ma^itude.  4th  maf^nitude.  5tb  mag^itade. 

20  65  190  425  1100 

6tb  magnitade.  7th  magnitude.  8th  mafpiitude.  9ta  magnitude. 

3200    13000    40000   142000 

The  number  of  stars  which  can  be  clearly  distinguished  by 
the  naked  eye  (4022  above  the  horizon  of  Berlin,  4638 
above  that  of  Alexandria),  appears  at  first  sight  astonishingly 
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small.  (*7i)      If  we  take  the  mean  semi-diameter  of  the 
moon  at  15'  33".5.,  195291  surfaces  of  the  full  moon 
would  cover  the  whole  heavens.     Assuming  an  equable  dis- 
tribution, and  taking  the  entire  number  of  stars  of  all  classes 
from  the  1st  to  the  9th  in  round  numbers  at  200000,  we 
should  have  about  one  such  star  for  every  full-moon  surface. 
This  result  explains  to  us  why  in  any  given  latitude  stars 
visible  to  the  naked  eye  are  not  oftener  occulted  by  the 
moon.     If  the  calculation  of  occultations  was  extended  to 
stars  of  the  9  th  magnitude,  there  would  b(*,  according  to 
Galle,  on  the  average  an  occultation  every  4}4|-  minutes ; 
as  in  this  time  the  moon  passes  over  a  fresh  piece  of  the 
heavens  equal  to  its  own  area.     Pliny  (who  was  certainly  ac- 
quainted with  Hipparchus^s  list  of  stars,  and  who  caDs  it  a 
bold  undertaking  in  Hipparchus  to  seek  to  '^  bequeath  to 
posterity  the  starry  heavens  as  an  inheritance^^)  reckoned  in 
the  fine  sky  of  Italy  1600  stars,(^72)  having  descended  in 
this  estimation  to  stars  of  the  5th  magnitude ;  half  a  cen- 
tury later,  Ptolemy  recorded  only  1025  stars,  down  to  the 
6th  magnitude. 

Since  the  fixed  stars  ceased  to  be  distinguished  merely  in 
respect  to  the  constellations  to  which  they  belonged,  but  have 
been  tabulated  according  to  their  relations  to  the  great  circles 
of  the  Equator  or  the  Ecliptic,  and  therefore  according  to 
determinations  of  their  places,  the  number  as  well  as  the 
exactness  of  such  entries  have  constantly  increased  with  the 
progress  of  science  and  the  increased  perfection  of  instruments. 
No  catalogue  has  come  down  to  us  from  Timocharis  and 
Aristyllus  (283  b.  c.)  ;  but  even  though  their  observations, 
as  Hipparchus  s;\ys  in  his  fragments  "  upon  the  length  of 
the  year/^  quoted  in  the  7tli  book  of  the  Almagest  (cap.  8, 
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p.  15,  Halma),  were  very  incomplete  {vaw  6\offx«p«c)>  yet 
there  can  be  no  doubt  that  they  both  determined  the  decli- 
nation of  many  stars,  and  that  these  determinations  preceded 
by  almost  a  century  and  a  hall*  Hipparchus's  Table  of  Fixed 
Stars.  It  is  known  (although  we  have  only  Fliny^s  statement 
of  the  fact)  that  Hipparchus  was  stimulated  by  the  appear- 
ance of  a  new  star  to  pass  the  heavens  in  review  and  to 
determine  the  places  of  the  stars.  This  statement  has,  how- 
ever, more  than  once  been  regarded  as  merely  the  echo  of  a 
tale  invented  after  the  period  to  which  it  relates ;  {^'^^)  and 
it  is  certainly  remarkable  that  Ptolemy  does  not  allude  to  it 
in  the  slightest  degree.  It  is,  however,  incontestably  true 
that  it  was  the  sudden  appearance  of  a  bright  star  in  Cassio- 
peia (November,  1572)  that  occasioned  Tycho  Brahe  to  under- 
take his  great  star-catalogue.  According  to  an  ingenious  con- 
jecture of  Sir  John  Herschel,(^74)  a  star  which  appeared  in 
the  constellation  of  Scorpio  in  the  month  of  July,  134 
years  before  our  Era  (according  to  the  Chinese  annals  under 
the  reign  of  Wou-ti,  of  the  Han  Dynasty),  may  very  well  be 
the  same  which  Pliny  mentions.  Its  appearance  falls  six 
years  before  the  epoch  at  which  (according  to  Ideler's  re- 
searches) Hipparchus  prepared  his  catalogue.  Edouard 
Biot,  of  whom  science  has  been  too  early  deprived,  dis- 
covered the  notice  of  this  cosmical  event  in  the  celebrated 
collection  of  Ma-tuan-lin,  which  contains  all  the  appearances 
of  comets  and  unusual  stars  between  the  years  613  B.C., 
and  A.D.  1222 

The  tripartite  didactic  poem  of  Aratus,(^75)  to  which  we 
owe  the  only  writing  of  Hipparchus  which  has  come  down 
to  us,  belongs  to  about  the  period  of  Eratosthenes,  Timo- 
charis,  and  Aristyllus.  The  astronomical  (not  meteorological) 
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part  of  the  poem  is  founded  on  the  description  of  the  heavens 
given  by  Eudoxus  of  Cnidos.  The  star-table  of  Hipparchns 
has  unhappily  not  been  preserved  to  us:  according  to 
Ideler(^76j  ^  probably  formed  the  principal  part  of  the 
treatise,  cited  by  Suidas,  on  the  arrangement  of  the  heaven 
cf  the  fixed  stars  and  the  other  heavenly  bodies,  and  con- 
tained 1080  positions  for  the  year  128  before  our  Era.  In 
Hipparchus's  Commentary,  all  the  positions,  determined 
probably  by  equatorial  armillse  rather  than  by  the  astrolabe, 
axe  referred  to  the  equator  by  right  ascension  and  declina- 
tion ;  in  the  star-table  of  Ptolemy,  which  is  supposed  to  be 
altogether  imitated  from  Hipparchus,  and  which,  includii^ 
five  so-called  nebulae,  contains  1025  stars,  they  are  referred 
to  the  EcUptic  (^^7)  by  assigned  longitudes  and  latitudes. 
If  we  a)mpare  the  number  of  fixed  stars  in  the  Almagest, 
(ed.  Halma,  T.  ii.  p.  83), 

l8t  mag.     2nd  mag.     3rd  mag.     4th  mag.     5th  mag.     6th  mag. 

15  45         208         474        217  49 

with  the  numbers  of  Argelander  in  a  previous  page,  we  see 
(with  a  neglect  of  stars  of  the  5th  and  6th  magnitudes  which 
was  to  be  expected,)  a  remarkable  fulness  in  the  Srd  and 
4th  magnitudes.  The  indeterminateness  of  estimations  of 
the  degree  of  light  in  ancient  and  modern  times  does,  indeed, 
throw  great  uncertainty  on  every  direct  comparison. 

If  the  catalogue  of  the  fixed  stars,  which  bears  the  name 
of  Ptolemy,  only  comprises  a  fourth  part  of  the  stars  visible 
to  the  naked  eye  at  Ehodes  and  Alexandria, — and  if,  from 
the  erroneous  reduction  for  precession,  it  gives  positions  as 
if  they  had  been  determined  in  the  year  63  of  our  Era, — we 
have  in  the  next  sixteen  centuries  only  three  original,  and 
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for  their  epoch  complete,  star-catalogues :  that  of  Ulugh 
Beig  (1437),  of  Tycho  Brahe  (1600),  and  of  Hevelius 
(1660).  In  the  short  intervals  of  repose  which  inter- 
vened between  the  devastations  of  war  and  wild  intestine 
revolutions,  practical  astronomy  flourished  among  the 
Arabians,  Persians,  and  Moguls,  from  the  middle  of  the 
9th  to  that  of  the  15th  centuries,— from  Al-Mamun,  son 
of  the  great  Harun  Al-Easchid,  to  the  Timuride,  Mohammed 
Teraghi  Ulugh  Beig,  son  of  the  ^^hah  Rokh, — in  a  degree 
never  before  witnessed.  The  astronomical  tables  of  Ebn- 
Junis  (1007),  called  the  Hakemite  Tables  in  honour  of  the 
Fatimite  Caliph  Aziz  Ben-Hakem  Biamrilla,  testify, — as  do 
also  the  Ilkhanic  Tables  (^78)  of  Nassir-Eddin  Tusi,  the 
builder  of  the  great  observatory  of  Meragha,  not  far  from 
Tauris  (1259), — to  the  more  advanced  knowledge  of  the 
planetary  movements,  the  improvement  of  measuring  instru- 
ments, and  the  multiplication  of  methods  differing  from 
those  of  Ptolemy,  and  superior  to  them  in  exactness.  In 
addition  to  Clepsydras,  Pendulum  oscillations  (^7^)  now 
began  to  be  used  as  a  measure  of  time. 

The  Arabians  have  the  great  merit  of  having  shewn  how 
by  the  intercomparison  of  observations  and  tables  the  latter 
might  be  greatly  improved.  The  star-catalogue  of  Ulugh 
Beig  (originally  written  in  Persian),  with  the  exception  of 
a  part  of  the  southern  stars  of  Ptolemy  not  visible  (*®®)  in 
the  latitude  of  39°  52'  (?),  was  prepared  in  the  Gymnasium  at 
Samarcand  from  original  observations.  It  contained  at  first 
only  1019  positions  of  stars,  which  are  reduced  to  the  year 
1437.  A  later  commentary  furnishes  300  additional  stars 
observed  by  Abu-Bekri  Altizini  in  1533.  Thus  we 
come,  through  Arabians,  Persians,  and  Moguls,  down  to 
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the  great  epoch  of  Copernicus,  and  ahnost  to  that  of  Tjdko 
Brahe. 

Since  the  beginning  of  the  16th  century  the  extension  of 
navigation  in  tropical  seas  and  high  southern  latitudeit 
has  operated  powerfully  in  enlarging  the  knowledge  erf 
the  firmament,  though  it  has  done  so  in  a  less  degree  than 
has  the  employment  of  telescopes,  began  a  century  later. 
By  both,  new  regions  of  space  before  unknown  have  been 
opened  to  our  view.  I  have  noticed  in  a  previous  volume 
(^s^)  what  was  related  of  the  magnificence  of  the  Southern 
Hemisphere,  first  by  Amerigo  Vespucci,  and  next  by 
Magellan  and  by  Eleanors  companion  Pigafetta,  and  how 
the  black  patches  (Coal  sacks)  were  described  by  Vicente 
Yafiez,  and  the  Magellanic  Clouds  by  Anghiera  and  Andrea 
Corsali.  Here,  also,  contemplative  astronomy  preceded 
measuring  astronomy.  The  riches  of  the  firmament  near 
the  South  Pole, — a  region  which  is  really,  as  is  now  well 
known,  comparatively  poor  in  stars, — ^were  described  with 
such  exaggeration,  that  Cardanus  Polyhistor  said  that  Ves- 
pucci saw  there  10000  stars  with  his  unassisted  eyes.(*^ 
The  first  persons  who  seriously  began  the  task  of  observing 
the  stars  of  the  Southern  Hemisphere  were  Friedrich  Hont- 
mann  and  Petrus  Theodori  of  Emden  (who,  according  to 
Olbers,  was  tlie  same  person  as  Dircksz  Keyser).  They  mea- 
sured distances  of  stars  at  Java  and  Sumatra,  and  the  most 
southern  stars  were  now  entered  in  the  celestial  maps  of 
Bartsch,  Hondius,  and  Bayer,  as  well  as,  by  the  diligent  care 
of  Kepler,  in  the  Rudolphine  star-catalogue  of  Tycho  Brahe. 

Scarcely  half  a  century  after  Magellan's  circumnavigation 
of  the  globe,  Tycho  Brahe  began  his  admirable  examination 
of  the  position  of  the  fixed  stars, — a  work  surpassing  in 
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exactness  anything  which  practical  astronomy  liad  yet  fur- 
nished, even  the  careful  observations  of  the  fixed  stars  by 
the  Landgrave  Wilhelm  IV.  at  Cassel.  Tycho  Brahe's 
Catalogae,  revised  by  Kepler,  contains,  however,  only  iOOO 
stars,  of  which  4^th  at  the  utmost  are  of  the  6th  magni- 
tade.  This  catalogue,  and  the  less  used  one  of  Hevelius, 
having  1564  determinations  of  places  of  stars  for  the 
year  1660,  are  the  last  which  (owing  in  the  latter  case  to 
the  obstinate  aversion  of  the  Dantzig  astronomer  to  the 
application  of  telescopes  to  measuring  instruments)  were 
drawn  up  from  observations  made  with  the  unassisted  eye. 

The  combination  of  the  telescope  with  measuring  in- 
itrument4S  made  it  at  length  possible  to  determine  the  places 
of  stars  below  the  6th  magnitude,  and  especially  between  the 
7th  and  12th  magnitudes.  Astronomers  now  first  began  to 
approach  the  time  when  they  might  be  said  to  take  possession 
of  the  world  of  fixed  stars.  But  the  enumeration  of  the 
feebler  telescopic  stars,  and  (he  determination  of  their  places, 
have  not  only,  by  extending  the  horizon  of  the  field  of  ob- 
servation, given  us  to  know  more  of  the  contents  of  the  re- 
moter regions  of  space, — but  they  have  also,  which  is  yet  more 
important,  exercised  indirectly  a  material  influence  on  our 
knowledge  of  the  structure  of  the  Universe  and  of  its  form, 
on  the  discovery  of  new  planets,  and  on  the  more  rapid  de- 
tennination  of  their  paths.  WhenWilliam  Herschel  conceived 
the  happy  thought  of,  as  it  were,  casting  the  sounding  lead 
into  the  depths  of  space,  and  in  his  star  gaugings  {^^^) 
counting  the  stars  which  passed  through  the  field  of  his 
great  telescope  at  different  distances  from  the  Milky  Way, — 
the  law  of  the  increasing  quantity  of  stars  in  approaching 
the  Milky  Way  was  discovered,  and  brought  with  it  the  idea 
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of  the  existence  of  great  concentric  rings  filled  with  millions 
of  stars,  forming  the  Galaxy.  The  knowledge  of  the  nnm- 
ber  and  relative  position  of  the  fainter  stars,  as  has  been 
shown  by  Galleys  prompt  and  happy  discovery  of  Neptune, 
and  by  that  of  several  of  the  smaller  planets,  facilitates 
the  discovery  of  planetary  bodies  which  change  their  plaoe, 
moving  amidst  fixed  points.  Another  circumstance  shows, 
in  a  still  clearer  light,  the  importance  of  very  complete  star- 
catalogues.  When  once  a  new  planet  has  been  discovered 
in  the  celestial  vault,  the  difficult  calculation  of  its  path  is 
aided  by  its  rediscovery  in  a  catalogue  of  older  date.  The 
fac*.  of  a  star  having  been  formerly  registered,  and  being 
now  missing  in  the  position  assigned  to  it,  has  thus  often 
effected  more  than,  from  the  slowness  of  the  planefs  motion, 
could  be  gained  by  the  most  carefully-repeated  measure- 
ment during  several  successive  years.  Thus  for  Uranus, 
the  star  No  964  in  the  Catalogue  of  Tobias  Mayer, 
and  for  N6ptune,  the  star  26266  in  the  Catalogue  of 
Lalande,  (^®*)  have  been  of  great  importance.  We  now 
know  that  Uranus  was  observed  21  times  before  it  was 
known  to  be  a  planet :  once  by  Tobias  Mayer,  7  times  by 
Flamsteed,  once  by  Bradley,  and  12  times  by  Le  Monnier. 
We  may  say,  that  the  increasing  hope  offuture  discoveries  of 
planetary  bodies  rests  partly  on  the  excellence  of  our  present 
telescopes  (Hebe,  when  discovered  in  July  1847,  was  eqoal. 
1o  a  star  of  between  the  8tli  and  9th  magnitudes,  but  in  May 
1849  was  only  of  the  11th  magnitude),  and  partly,  an^ 
perhaps  stiH  more,  on  the  completeness  of  our  catalogues 
and  the  care  of  our  observers. 

Subsequent  to  the  epoch  wlien  Morin  and  Gascoigne  com- 
bined telescopes  with  measuring  instruments,  the  first  star- 
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Walogue  which  was  published  was  that  of  Halle/s 
sontlieni  stars.  It  whs  the  fruit  of  a  short  visit  to  Saint 
Helena  in  1677  and  167S,  but  it  contained  no  determiua- 
tion  of  any  star  below  the  6th  magnitude.  ('^)  It  is  truu 
tliat  Flamsteed  had  previously  undertaken  his  t,Teat  Star 
Alias,  but  the  work  of  that  celebrated  man  was  not  published 
unlil  i  7 1 2.  It  was  followed  by  the  observations  of  Bradley 
(1750  to  17(52)j  which  led  to  the  iliscovery  of  aberration  and 
nutation,  aud  received  a  further  lustre  from  our  Bessel,  in  his 
Pundamenta  Astronomic  (1818)  ;  {'™)  aud  by  the  star 
Mtaloguea  of  Lacaille,  Tobias  Mayer,  Ca^'noli,  Piazzi,  Zach, 
Pond,  Taylor,  Groombridge,  Argelunder,  Airy,  brisbane,  and 
Kimiker. 

We  dte  here  only  works  which  embrace  large  maflses,('^') 
and  present  to  ua  bo  important  part  of  the  contents  of 
B^iace  in  stars  between  the  7tli  and  10th  magnitudes.  The 
catalogue  which  is  known  under  the  name  of  Jerome  de 
Lalande,  but  which  is  founded  on  observations  made  by  his 
iiepliew,  Le  Pran^ais  de  Lalande,  and  Burckhardt,  between 
lJii9and  IbOO.haslately,  though  for  the  first  time,  received  a 
acknowledgment.  In  the  state  to  which  it  has  been 
light  by  the  careful  reduction,  editorship,  and  publication, 
m  which  asti'onomy  is  indebted  to  Francis  Baily  and  the 
Rtitish  Association  for  the  Advancement  of  Science,  it 
conliiins  47390  stars,  many  of  wMch  are  of  the  9th,  and 
several  rather  below  the  9th  magnitude.*   Harding,  the  dis- 

[*  The  itar-catilognce  uF  Lalaade  and  LacDiUe,  the  £nt  coiilHising  opwardi 
(J  47000  ilfirs  (is  sUled  in  the  teil),  anil  the  seeond  abate  10000  bIbtj, 
Mm  reduced,  oatalogiied,  and  prepared  Tor  pnblication  at  the  eost  of  Ihe 
Briliab  AMOciilioD  for  the  Advancement  of  Science,  the  fint  under  the 
titfaialtideaix  of  Mr.  TVancis  Bailj,  and  the  seconil  aaiet  that  of  Professor 
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ooverer  of  Juno^  has  entered  above  50000  stars  in  27  sheets. 
Bessd's  great  work  of  the  observations  of  Zones  of  the 
Heavens,  comprising  75000  observations^  and  which  extended^ 
in  the  years  1825—1 833,  from  - 15°  to + 45°  of  dedination, 
has  been  continned  by  Argelander  of  Bonn,  from  1841 
to  1844,  with  a  care  deserving  of  the  highest  praise,  and  has 
been  carried  by  him  to  +  80°  of  declination.  Prom  Bessd's 
Zones,  between  —15°  and  +15°  of  declination,  Weisse  of 
Cracow,  at  the  reqnest  of  the  Academy  of  St.  Petersburg, 
has  reduced  31895  stars  (of  which  19738  are  of  the  9th 
magnitude)  to  the  year  1825.  (*®®)  Argelandor's ''  Befiew 
of  the  Northern  Heavens  from  +  45°  to  +80°  of  dedina- 
tion," contains  22000  well-determined  places  of  stars. 

I  think  that  1  cannot  refer  to  the  great  work  of  the  star 
maps  of  the  Berlin  Academy  more  worthily  than  by  intro- 
ducing, in  Encke's  own  words,  an  extract  on  the  subject 
of  this  undertaking  from  his  comprehensive  discourse  in 
memory  of  Bessd.  "  With  the  completion  of  catalc^^iies 
is  connected  the  hope  that,  by  continued  careful  comparisoii 
of  the  stars  marked  as  fixed  points  with  the  aspect  of  the 
heavens  at  the  time  of  observation,  we  shall  be  enabled  to 

HeBderson.  Bat  the  expense  of  prinHng  these  two  catalogoet  was  ddh^ti 
by  Her  Migesty's  Govemment,  in  conseqaence  of  a  representation  of  tlMir 
importance  to  the  purposes  of  practical  Astronomy  made  by  the  Biitiah 
Association  to  the  late  Sir  Robert  Peel. 

Hie  catalogues  of  Lelande  and  Lacaille  are  distinct  from  the  "  Britisli 
Association  Catalogae,"  not  noticed  in  this  part  of  the  text  of  Cosmos, 
but  frequently  referred  to  iu  the  coarse  of  the  volome.  The  "  Brit^ 
Association  Catalogue''  was  also  prepared  under  the  soperinteadsMe  of 
Mr.  Francis  Baily,  but  in  its  case  the  cost  of  printing,  as  well  as  that  of 
preparing  for  publication,  was  defrayed  by  the  oonlribalimis  of  the  meoAsn 
of  the  British  Assodatiog,— Epj 
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«  all  heavenJj  bodies  which  change  their  pkce,  bnt  whose 
movements,  from  the  faintness  of  their  light,  it  would  be 
scarcely  possible  to  perceive  directly  by  the  eye ;  and  in 
this  manner  we  may  anticipate  tlie  discovery  (rf  all  that 
still  remains  unknown  to  ua  in  our  solar  system.  As 
Harding's  eiccilent  Atlas  offers  b  complete  picture  of  the 
heavens,  so  far  as  Lalaude's  Histoire  Celesle,  on  which 
it  is  founded,  is  capable  of  affording  such  a  picture,  so 
Bessel,  iu  1824,  after  finishing  the  first  section  of  bis  Zones, 
formed  the  plan  of  founding  tliereupon  a  still  more  detailed 
representation  of  the  sidereal  heavens,  which  should  have  for 
its  object,  not  merely  the  reproduction  of  observation,  but 
the  systematic  attainment  of  a  degree  of  completeness  which 
should  permit  every  new  phenomenon  to  be  immediately 
recognised.  The  star  maps  of  the  Berlin  Academy  of 
Sciences,  sketched  upon  BesseVs  plan,  although  tliey  have 
not  yet  completed  the  first  proposed  cycle,  have  already 
Bttained  their  object  iu  the  discovery  of  ne*  planets  in  the 
meet  brilhant  manner,  as  up  to  tiie  present  time  (1850) 
^Ktb^  have  been  the  principal,  though  not  the  exclusive, 
^■toBUS  of  the  discovery  of  seven  new  planets.  ("»i>)  Of  the 
^Ml  sheets  which  are  to  represent  the  heavens  within 
^^li  d^rees  on  either  side  of  the  Equator,  oui  Academy  has 
now  published  16.  They  contain,  as  nearly  as  ^losaible,  all 
stars  down  to  the  fJth,  and  partially  down  to  the  10th 
fflBgiiitudes." 

I  may  here  introduce  a  notice  of  the  approximate  estima- 
tions which  have  been  hazarded  respecting  the  number  of 
stars  in  aU  parts  of  the  heavens  wliich  may  be  visible  to 
human  eyes,  aided  by  our  present  powerful  space-penetrating 
sopea.      For   Herschel's  20-feet  reflector,   wliich   was 
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used  in  the  celebrated  star-gaugings  or  sweeps^  with  a 
magnifying  power  of  180,  Struve  takes  for  the  zones  within 
30°  on  either  side  of  the  Equator,  5800000  stars;  and,  for  the 
whole  heavens,  20374000  stars.  With  a  still  more  powerful 
instrument,  the  40-feet  reflector.  Sir  William  Herschel  sup- 
posed that  18  millions  of  stars  would  be  visible  in  the  Milky 
Way  alone.  (190) 

Having  considered  the  number  of  fixed  stars,  whether 
telescopic  or  visible  to  the  naked  eye,  which  have  been 
entered  in  catalogues,  together  with  the  determination  of 
their  places,  we  now  turn  to  their  distribution  and  grouping 
on  the  celestial  vault.     We  have  seen  that,  from  their  small 
and  exceedingly  slow  (apparent  and  real)  change  of  place, 
due  partly  to  precession  and  the  unequal  influence  of  the 
progressive  movement  of  our  solar  system,  and  partly  to  their 
own  proper  motion,  they  may  be  regarded  in  the  light  of 
fixed  marks  in  space,  enabling  the  attentive  observer  to 
recognise  all  bodies  moving  amongst  them,  either  at  a  more 
rapid  rate  or  in  a  different  direction,  as  planets  and  tele- 
scopic comets.     In  gazing  on  the  vault  of  heaven,  our  first 
and  leading  interest  is  attracted  by  the  bodies  which  by 
their  multitude  and  mass  fill  space, — it  is  the  fixed  stars 
which  claim  and  receive  the  homage  of  our  admiration : 
but  the  orbits  of  the  moving  planetary  bodies  speak  more  to 
the  investigating  reason,  to  which  they  present  complicated 
problems,  whose  study  promotes  and  accelerates  intellectual 
development  in  the  domain  of  astronomy. 

From  the  multitude  of  stars,  large  and  small,  which 
appear  intermingled,  as  it  were  by  accident,  on  the  celestial 
vault,  the  rudest  tribes  of  men  (as  several  now  carefully- 
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examined  langaages  of  what  are  called  savage  nations  testify) 
single  oat  particnlar^  and  almost  everywhere  the  same,  groups, 
in  which  bright  stars  attract  the  eye,  either  by  their  proxi- 
mity to  each  other,  by  pecuharities  in  their  arrangement  and 
relative  position,  or  by  a  certain  degree  of  isolation.     Such 
groaps  awaken  obscurely  the  idea  of  a  relation  of  parts  to 
each  other;  and,  each  being  regarded  as  a  whole,  receive  par- 
ticular names,  differing  in  different  tribes,  and  most  often 
taken  from  organic  beings  with  which  imagination  peoples 
the  silent  regions  of  space.     Thus  there  were  early  distin- 
guished the  Pleiades  (called  by  some  the  brood  of  chickens), 
the  seven  stars  of  the  Great  Bear  or  Wain  (the  lesser  Bear 
or  Wain  was  remarked  later,  and  only  on  account  of  the  re- 
petition of  the  form),  Orion's  Belt  (Jacob's  Staff),  Cassiopeia, 
the  constellations  of  the  Swan,  the  Scorpion,  the  Southern 
Cross)  on  account  of  the  striking  change  of  direction  before 
and  after  culmination),  the  Southern  Crown,  the  Feet  of  tlie 
Centaur    (as  it  were  the  Twins  of  the  Southern  Hemi- 
sphere), &c. 

Where  steppes,  grassy  prairies,  or  sandy  deserts,  present  a 
wide  horizon,  the  rising  and  setting  of  the  constellations, 
varying  with  the  seasons  of  the  year,  and  associated  thereby 
with  the  requirements  of  pastoral  and  agricultural  life,  become 
the  subject  of  diligent  attention,  and  are  also  gradually 
connected  with  symbolical  combinations  of  ideas.  Contem- 
plative, not  measuring,  astronomy  then  begins  to  be  more 
developed.  Besides  the  diurnal  movement  common  to  all 
heavenly  bodies  from  morning  to  evening,  it  is  soon  per- 
ceived that  the  sun  has  a  movement  of  its  own,  much  slower, 
and  in  the  opposite  direction.  The  stars  which,  when  night 
comes  on,  are  seen  high  in  the  evening  sky,  sink  daily  more 
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and  more  towards  the  setting  son^  until  at  last  they  are  loefe  in 
his  beams;  and  disappear  in  the  twilight ;  on  the  other  hand, 
the  stars  which  shone  in  the  morning  skj  befoore  sunrise 
recede  more  and  more  from  the  Sun.  In  the  constantly 
changing  spectacle  of  the  starry  heavens^  fresh  and  fresh 
constellations  show  themselves.  With  some  degree  of 
attention  it  is  easily  recognised  that  they  were  the  same 
which  had  before  become  invisible  in  the  West ;  and  that^ 
in  the  course  of  about  half  a  year^  those  stars^  which  before 
were  seen  near  the  Sun^  are  now  opposite  to  it,  setting  when 
it  rises,  and  rising  when  it  sets.  From  Hesiod  to  Eudoxosi 
and  from  Eudoxus  to  Aratus  and  Hipparchus,  the  literature 
of  the  Greeks  is  full  of  allusions  to  the  disappearance  of 
stars  in  the  Sun's  rays  (their  heliacal  setting),  and  their 
becoming  visible  in  the  morning  twilight  (their  heliacal 
rising).  The  accurate  observation  of  these  phenomena 
presented  the  first  elements  of  chronology — elements  which 
were  simply  expressed  in  numbers ;  while  at  the  same  time, 
mythology,  varying  in  its  imaginations  with  the  gay  or 
gloomy  dispositions  of  the  national  mind,  exercised  without 
restraint  its  capricious  sway  in  the  fictions  connected  with 
the  bright  bodies  of  space. 

The  primitive  Greek  sphere  (I  here  follow  again,  as  in  the 
history  of  the  Physical  Contemplation  of  the  Universe,  (^^i) 
the  researches  of  my  too  early  departed  friend,  the  illus- 
trious Letronne)  became  gradually  filled  with  constellations, 
without  their  having  been  in  the  commencement  referred  in 
any  way  to  the  Ecliptic.  Thus  Homer  and  Hesiod  dis- 
tinguish different  groups  of  stars,  as  well  as  single  stars,  by 
particular  names :  Homer  notices  the  She  Bear  ('^  else  called 
the  Wain  of  Heaven,  and  which  alone  never  descends  to 
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bathe  in  the  ocean"),  Bootes,  and  the  Dog  of  Orion ;  and 
llesiod  names  Sirius  and  Arcturus ;  biilli  speak  of  the  Plei- 
ades, the  Hyodes,  and  Orion.  C^^).  If  Homer  twice  says  thHt 
the  Bear  alone  never  plunges  into  the  ocean,  this  merely 
implies  that  iu  his  time  the  constellations  of  the  Dragon, 
Cepheus,  and  the  Little  Bear,  which  also  never  set,  had  not 
yet  been  placed  in  the  Greek  Celestial  Sphere.  It  by  no 
means  implies  that  the  existence  of  tlie  stars  forming  these 
three  caiast£risms  was  not  known,  but  only  that  they  had 
not  yet  been  arranged  iu  figures,  A  long  and  often  mis- 
understood passage  of  Strabo  (lib,  i.  p.  3,  Casaub.)  on  Homer 
(11.  xviii.  485 — 489)  proves  rather  than  anything  else  that 
which  is  here  important — viz.,  the  gradual  acceptance  of 
figures  or  constellations  in  the  Grecian  Sphere.  "  It  is 
unjustly,"  says  Strabo,  "  that  Homer  is  accused  of  ignorance, 
as  if  lie  knew  only  of  one  Bear  instead  of  two.  Perhaps  the 
second  was  not  yet  constellated,  and  tJiat  it  was  only  after 
the  Phoenicians  had  marked  out  this  constellation,  »nd  used 
it  in  navigation,  that  it  came  to  the  Greeks."  All  the 
scholiasts  on  Homer,  Hygin,  and  Diogenes  Laertius,  ascribe 
tlie  introduction  to  Thales,  The  Pseudo-Eratosthenes  calls 
the  Little  Bear  <foivtKn  {as  it  were  the  Phosnician  Lode- 
star). One  hundred  years  later  {01.  71),  Cleostratns  of 
'fenedos  enriched  the  Sphere  with  Sagittarius,  rofonjc,  and 
the  Bam,  i.f»[(c. 

It  is  to  this  epoch,  that  of  the  tyranny  of  the  Pisistratides, 
that  we  are  to  ascribe,  according  to  Letronne,  the  introduc- 
tion of  the  Zodiac  in  the  ancient  Greek  Sphere.  Eudemas 
of  Bhodes,  one  of  the  most  distinguished  disciples  of  Aris- 
totle, author  of  a  "History  of  Astronomy,"  ascribes  the 
introduction  of  the  Zodiacal  Zone  (^  roS  Hwliatoii  halwm^. 


A 


104      SPBCIAL  RESULTS  IN  THf!  UAANOLOOICAL  FOBHOIT 

also  fwi^ioc  KvicXoi;)  to  (Enopides  of  Chios,  a  cotemporary  of 
Anaxagoras.  {^^^)     The  idea  of  referring  the  planets  and 
fixed  stars  to  the  Sun's  path,  and  the  division  of  the  Ecliptic 
into  twelve  equal  parts  (Dodecatonieria),  are  ancient  Chal- 
dean, and  it  is  highly  probable  that  they  reached  the  Greeks 
from  Chaldea  itself,  and  not  from  the  Valley  of  the  Nile, 
and,  at  earliest,  at  the  beginning  of  the  5th  or  in  the  6th 
century  before  our  Era.  (^^4)     The  Greeks  only  selected  from 
the  constellations  already  marked  in  their  primitive  Sphere 
those  which  were  nearest  to  the  Ecliptic,  and  which  could 
be  employed  as  Signs  of  the  Zodiac.     If  anything  more  than 
the  idea  and  the  number  of  divisions  of  a  zodiac, — if  the 
zodiac  itself,  with  its  signs, — had  been  borrowed  by  the  Greeks 
from  another  nation,  11  signs  would  not  have  been  thought 
sufficient  originally;   nor  would  the  Scorpion  have  been 
applied  to  two  divisions ;  nor  would  zodiacal  figures  have 
been  formed, — some  of  which,  as  Taurus,  Leo,  Pisces,  and 
Virgo,  cover,  with  their  outlines,  35°  to  48°;  while  others,  as 
Cancer,  Aries,  and  Capricomus,  occupy  only  19°  to  23°, — 
which  deviate  inconveniently  to  the  North  and  South  of  the 
Ecliptic, — which  sometimes  are  widely  separated,  and  some- 
times, like  Taurus  and  Aries,  Aquarius  and  Capricomus, 
are  closely  crowded  and  almost  overlap.     All  these  circum- 
stances prove  that  earlier-formed  catasterisms  were  made 
into  zodiacal  signs. 

According  to  Letronne's  conjecture,  the  sign  Libra  was 
introduced  in  the  time  of  Hipparchus, — perhaps  by  himself. 
Eudoxus,  Archimedes,  Autolycus,  and  even  Hipparchus, 
in  the  few  remains  of  theirs  which  we  possess  (with  the 
exception  of  one  passage,  probably  falsified  by  a  copyist),  (^^) 
never  mention  it.    We  first  find  a  notice  of  the  new  sign 
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in  Gemiuns  and  Yarro,  hardly  half  a  century  before  our 

Era ;  and  as  the  Romans  soon  after  this  date,  from  Augustus 

to  Antoninus,  became  vehemently  attached  to  astrology, 

those  constellations  ^' which  lay  along  the  Sun's  celestial 

path'*  grew  into  a  heightened  fanciful  importance.     To  the 

first  half  of  this  period  of  the  Soman  Empire  belong  the 

Egyptian  zodiacal  figures  of  Dendera,  Esne,  the  Propylon  of 

Panopolis,  and  some  mummy  cases, — as  was  asserted  by 

Yisconti  and  Testa  at  a  time  when  all  the  materials  for  the 

decision  of  the  question  had  not  yet  been  collected,  and 

when  wild  hypotheses  prevailed  respecting  the  signification 

of  those  symbolical  zodiacal  signs,  and  their  dependence  on 

the  precession  of  the  equinoxes.     Erom  Adolph  Holtzmann's 

acute  researches,  the  high  antiquity  which,  from  passages  in 

Menu's  Institutes,  Valraiki's  Eamayana,  and  Amarasiuha's 

Dictionary,  August  Willielm  von  Schlegel  had  attributed  to 

sodiacs  found  in  India,  has  become  very  doubtfal.(^96) 

The  artificial  grouping  of  siars  in  constellations  which, 

in  the  course  of  centuries,  has  taken  place  in  so  accidental 

a  manner, — ^the  often  inconvenient  magnitude  and  uncertain 

outlines  of  these  figures, — the  confused  nomenclature  of 

separate  stars  in  the  constellations,  with  the  exhaustion  of 

several  alphabets,  as  in  the  Ship  Argo, — the  incongruous 

mixture  of  mythical  personages  with  the  plain  prose  of 

physical   instruments,    chemical  furnaces,    and   pendulum 

clocks,  in  the  southern  hemisphere, — have  several  times  led 

to  proposals  for  a  new  division  of  the  celestial  sphere,  which 

should  be  entirely  without  imaginary  figures.     For  the 

southern  hemisphere,  where  only  Scorpio,  Sagittarius,  Cen- 

taurus,  Argo,  and  Eridanus,  have  ancient  poetic  possession, 

the  enterprise  would  seem  less  hazardous.  (^97j 

f2 
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The  heaven  of  the  fixed  stars  (oibis  inerrans  of  Apoleins), 
and  the  improper  expression  '^  fixed  stara^'  (astra  fixa  of 
Manilius)^  remind  us^  as  I  have  already  remarked  in  the 
Introduction  to  the  portion  of  this  volume  which  treats  of 
Astrognosy,  (^^)   of  the  combination  and  even  confusion 
which  has  taken  place  between  the  two  ideas  of  ''  being  set 
or  fastened  in  the  sky/'  and  of  ''absolute  immobility  or 
fixity."      When  Aristotle  terms  the  non-wandering  orbs 
{AirXayfi  &<rTpa)  fastened  {evSehfiivajy  and  when  Ptol^ny  caUs 
them  attached    {irpo<nr€(itvic6TiQ),  these  expressions  have  a 
direct  reference  to  Anaximencs'  supposition  of  a  crysfau 
sphere.    The  apparent  motion  of  aU  the  fixed  stars  firom 
East  to  West^  while  their  distances  from  each  other  remained 
the  same,  had  given  rise  to  this  hypothesis.     ''The  fixed 
stars  {dirXavfi  dtrrpa)  belong  to  the  upper  or  more  remote 
region,  in  which  they  are  fastened  as  if  nailed  to  the  crystal 
heaven;  the  planets  (aorpa  wXavtofieva  or  irXavtird),  which 
liave  an  opposite  motion,  belong  to  the  lower  or  nearer 
region.^'  (*^^)     If,  in  Manilius,  as  early  as  the  times  of  the 
first  Caesars,  "  stella  fixa"  is  used  instead  of  "  infixa"  or 
"  aflBxa,"  we  may  still  assume  that  the  school  of  Home  kept 
only  at  first  to  the  original  meaning  of  being  fastened;  but 
that,  as  the  word  "  fixus"  also  included  the  signification  of 
immobility,"  and  might  even  be  taken  as  synonymous  with 
iramotus"  and  "  immobilis,"  it  might  easily  happen  that 
popular  opinion,  or  rather  the  usage  of  language,  should 
gradually  connect  with  "  stella  fixa"  the  idea  of  immobility, 
without  remembering  the  sphere  in  which  the  stars  had  been 
supposed  to  be  fastened :  and  thus  Seneca  might  term  the 
world  of  fixed  stars  "  fixum  et  immobilem  populum." 
If,  foUowinf^  Stobaeus  and  the  collector  of  the  "  Views  of 
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Philosophers,"  wo  carry  back  the  expression  of  "crystal 
heaven"  to  the  early  time  of  Auaximenes,  we  find,  however, 
the  idea  which  forma  the  groundwork  of  such  an  appellation 
first  developed  with  precision  by  Empedocles.  He  regards 
the  heaven  of  the  fised  stars  as  a  solid  mass,  formed  from 
the  aather  which  has  been  soUdified  into  a  crystalline  substance 
by  heat.  (S™)  The  Moon  is  regarded  by  him  as  a  body  which 
has  been  molten  as  by  the  action  of  fire,  and  subsequently 
consohdated  like  hail.  The  original  idea  of  transparent 
solidified  anbstances  would  not,  according  to  the  physics  of 
the  Ancients,  (2"')  and  their  ideas  of  the  solidification  of 
fluids,  have  led  directly  to  cold  and  ice ;  but  the  affinity  of 
tpvin-aWoc  with  KpvOi  and  Kpvtrraivu,  as  well  as  comparison 
with  the  most  transparent  of  all  bodies,  gave  occasion  to  the 
more  definite  statements,  that  the  vault  of  heaven  consisted 
of  ice  or  of  glass.  Thus  we  find  in  Laetantius  "  c<Elum 
aerem  glaciatum  esse,"  and  "  vitreum  ccelura."  Em]^>edoclet 
was  certainly  not  thinking  ol  Phffinicinn  glass,  but  of  air 
which,  by  the  action  of  the  fiery  jether,  had  been  run  together 
into  ft  transparent  sohd  body.  In  the  comparison  with  ice 
(KfiioTaWos),  the  prevailing  idea  was  that  of  transparency  : 
the  origin  of  ice  by  the  action  of  cold  was  not  regarded, 
all  that  was  directly  considered  being  the  case  of  a  fluid 
which  had  become  sohd  and  was  transparent.  K  the  poets 
nsed  the  word  crystal,  in  ptose  (as  is  testified  by  the 
passage  of  Achilles  Tatius,  the  commentator  of  Aratua,  cited 
in  Note  200,)  the  expression  employed  is  only  cryelalUne,  or 
Himilar  to  crystal  {<;pvaTa\\oeihi).  So  also  wayoc  {from 
wfiyvvaicu,  to  solidify)  signifies  a  piece  of  ice,  in  which  the 
solidification  is  the  only  thing  considered. 

Through  the  lathers  of  the  Church,  who,  in  allusions 
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to  the  subject,  assame  £:oin  seveu  to  ten  glass  heavens  suc- 
cessively placed  over  each  other  like  the  coats  of  an  onion,  this 
view  of  the  crystal  vault  passed  to  the  Middle  Ages :  it  has 
even  been  preserved  to  recent  times  in  some  of  the  convents 
of  the  south  of  Europe,  where,  to  my  astonishment,  a  vene- 
rable dignitary  of  the  Church,  in  reference  to  the  fall  of 
aerolites  at  Aigle  which  excited  so  much  attention,  expressed 
the  opinion  that  what  we  called  meteoric  stones,  and  which 
were  covered  with  a  vitrified  crust,  were  not  parts  of  the 
fallen  stone  itself,  but  pieces  of  the  crystal  heaven  which  it 
had  broken  through  in  falling.     Kepler  first,  two  centuries 
and  a  half  earlier,  induced  by  the  consideration  of  comets 
cutting  through  all  the  planetary  orbits,  had  boasted  (^®^) 
of  having  destroyed  the  77  homocentric  spheres  of  the  cele- 
brated Girolamo  Fracastoro,  as  well  as  all  the  more  ancient 
retrograding  epicycles.     How  such  great  minds  as  Eudoxus, 
MensBchmus,  Aristotle,  and  ApoUonius  of  Perga,  had  con- 
ceived to  themselves  the  possible  mechanism  and  motion  of 
spheres  intercalated  with  each  other,  and  carrying  with  them 
the  planets, — or  whether  they  regarded  these   spherical 
systems  as  ideal  contemplations — fictions  of  the  intellect — by 
the  aid  of  which  the  difficult  problems  of  the  courses  of  the 
planets  might  be  explained  and  approximately  computed, — 
are  questions  which  I  have  touclied  on  elsewhere,  (^03)  and 
which  are  not  without  importance  in  the  history  of  astronomy, 
when  that  history  attempts  to  distinguish  periods  of  deve- 
lopment. 

Before  we  pass  from  the  very  ancient  but  artificial  zodiacal 
grouping  of  the  fixed  stars  (as  imagined  to  be  set  in  a 
solid  sphere)  to  their  natural  or  real  grouping,  and  to  sue  i 
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laws  in  respect  to  their  relative  distribution  as  have  hitherto 
been  recognised^  we  have  still  to  consider  some  particular 
appearances  presented  by  them  to  our  sense  of  vision ;  viz. 
their  rays^   their  apparent  unreal  diameters,  and  the  di- 
versities of  colour  of  different  stars.      Of  the  apparent  rays, 
whidi  differ  in  number,  position,  and  length,  as  seen  by 
every  individual,  I  have  already  spoken  when  treating  of  the 
subject  of  Jupiter's  satellites.  (^*)     Indistinct  vision  (la 
vue  indistincte)  arises  from  various  oi^anic  causes,  dependent 
on  the  sphmcal  aberration  of  the  eye,  on  diffraction  at 
the  margins  of  the  pupils  or  at  the  eye-lashes,  and  on  the 
irritability  of  the  retina  spreading  more  or  less  widely  from  a 
stimulated  point.  {^^)     I  see  very  regularly,  in  stars  from 
the  1st  to  the  3d  magnitude,  eight  rays,  at  angles  of  45^. 
As,  according  to  Hassenfratz,  these  rays  are  caustics  on  the 
crystalline,  formed  by  the  intersection  of  the  refracted  rays, 
they  move  according  as  the  spectator  inclines  his  head  to 
either  side.  {^^)    Some  of  my  astronomical  friends  see  three 
or  at  most  four  upward,  and  no  downward  rays.  It  has  always 
appeared  to  me  remarkable  that  the  ancient  Egyptians  inva- 
riably give  to  stars  five  rays  only  (at  every  72°) ;  so  much  so, 
that,  according  to  Horapollo,  a  star  signifies  in  hieroglyphics 
the  number  5.  (207) 

These  rays  disappear  if  the  star  is  viewed  through  a  small 
hole  made  in  paper  with  a  needle  (I  have  often  observed 
Canopus,  as  well  as  Sirius,  in  this  manner) .  The  rays  appear 
in  telescopic  vision  with  high  magnifying  powers,  when  the 
stars  present  themselves  either  as  luminous  points  of  more 
intense  light,  or  as  extremely  small  discs.  Although  the  less 
degree  of  scintillation  between  the  tropics  gives  a  certain  im- 
pression of  repose,  yet  the  entire  absence  of  rays,  in  viewing 
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the  heavens  with  the  naked  eye,  would  appear  to  me  a  pri- 
vation. Illiision  of  the  senses,  and  indistinctness  of  visioiij 
may  perhaps  augment  the  magnificence  of  the  shining  canopy 
of  heaven.  Arago  long  ago  proposed  the  question — ^Why  is 
it  that,  notwithstanding  the  strong  light  of  the  fixed  starSj  we 
do  not  perceive  them  when  rising  above  the  horizon,  whilst 
yet  we  see  the  extreme  margin  of  the  moon's  disc  under 
similar  circumstances  ?  (^®) 

Even  the  most  perfect  optical  instruments,  with  the  highest 
magnifying  powers,  give  to  the  fixed  stars  false  diameters 
(spurious  discs,  diam^tres  factices),  which,  according  to  Sir 
John  HerscheFs  remark,  (2o»)  "with  equal  magnifying  powers 
diminish  as  the  aperture  of  the  telescope  increases.^'  Occol- 
tations  of  stars  by  the  Moon's  disc  show  that  immersion  and 
emersion  are  sensibly  instantaneous, — so  much  so^  that  no 
iraction  of  a  second  can  be  assigned  for  the  time  occupied 
in  disappearance  or  reappearance.  The  frequent  observation 
of  stars  in  their  immersion  adhering  to  the  disc  of  the  moon, 
is  a  phenomenon  of  the  inflection  of  light  which  has  no  con- 
nection  with  the  question  of  the  star's  diameter.  I  have 
already  noticed  elsewhere,  that  Sir  WiUiam  Herschel,  with  a 
magnifying  power  of  6500,  still  found  the  diameter  of 
a  Lyrse  0"*36.  The  image  of  Arcturus  was  so  lessened  in  a 
thick  mist  as  to  be  even  below  0"'2>,  It  is  remarkable  that,  from 
the  illusion  produced  by  irradiation,  Kepler  and  Tycho 
Brahe,  before  the  invention  of  telescopes,  ascribed  to  Sinus  a 
diameter,  the  one  of  4',  the  other  of  2'  20".  (2io)  The  alter- 
nating light  and  dark  rings  which  surround  the  factitious 
discs  of  stars,  viewed  with  magnifying  powers  of  two  or  three 
hundred,  and  which,  when  diaphragms  of  different  shapes  are 
applied,  show  prismatic  colours,  are  the  consequences  at  once 
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of  interference  and  of  diffraction,  as  we  learn  from  Arago'a 
wid  Airy's  observations.  The  smallest  objects  which  can 
rtill  be  distinctly  seen  (teleacopicali^v)  as  luminous  points 
(multiple  stars  such  as  e  Lyrre,  and  the  51h  and  6th  star 
discovered  by  Struve  in  1826  and  by  Sir  John  Hersohei  in 
the  trapezium,  (^")  formed  by  the  quadruple  star  0  OrioiiJs) 

^may  be  employed  to  test  the  (juantity  of  light  and  merits  in 
other  respects  of  optical  inatrumeuts,  whether  refractors  or 
reflerlors. 
A  difference  of  colour  in  the  proper  liglit  of  the  fixed  stars, 
B8  well  as  in  the  rctlecled  light  of  the  planets,  has  been  re- 
cognised from  very  early  times ;  but  the  knowledge  of  this 
remarkable  phenomenon  lias  been  wonderfully  enlarged 
Bince  the  period  of  telescopic  vision,  and  especially  since 
double  stars  have  become  an  object  of  lively  interest  and 
diligent  observation.  We  do  not  here  refer  to  the  change 
of  colour  wiiich,  as  has  been  already  remarked,  acccom  panics 
scintillation  even  in  the  whitest  heavenly  bodies, — still  leas 
I  (he  transitory  and  most  frequently  reddish  tinge  which  the 
bjight  of  stars  receives  in  the  vicinity  of  the  horizon  from  (he 
medium  (i,  e.  the  atmospheric  strata)  through  which  we 
r  them;  but  we  speak  of  tlie  white  or  of  the  coloured 
^t  which  radiates  from  stars  as  the  result  of  peculiar  lu- 
ninous  processes  and  the  particular  character  of  the  surface 
of  each.  The  Grecian  astronomers  knew  only  red  stars; 
while,  by  the  aid  of  the  telescopFj  the  modems  have 
r.  discovered  in  the  starry  vault, — in  the  celestial  fields  which 
iglit  traverses,  as  iu  the  coiollas  of  our  flowering  plants,  aiid 
D  the  metallic  oiides, — almost  every  gradation  of  prismatic 
betwceii  the   two   extremes   of   refrangibilitv,    or 
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between  the  violet  and  the  red  rays.  Ptolemy,  in  his  caita^ 
logue  of  the  fixed  stars,  calls  six  sisLVsvTrdictppoi,  fiery  red,  (^^*) 
viz. — Arcturus,  Aldebaran,  Pollux,  Antares,  Betelgueze,  and 
Sirius.  Cleomedesevencompares  Antares  with  theredhue  (^*^) 
of  Mars,  which  is  itself  called  sometimes  wppos,  and  some- 
times wvpoEi^rjQ, 

Of  the  six  stars  above  enumerated,  five  have  still,  in  our 
days,  a  red  or  reddish  light :  Pollux  is  still  marked  in  our  cata- 
logues as  reddish,  whereas  Castor  is  said  to  be  greenish.  (^^*) 
Sirius^  on  the  other  hand,  offers  the  solitary  example  of  an 
historically-proved  alteration  of  colour,  for  it  has  at  present 
a  perfectly  white  light.    Some  great  revolution  of  nature  (^^*) 
must  doubtless  have  taken  place  on  the  surface  or  in  the  pho- 
tosphere of  such  a  fixed  star, — such  a  distant  sun,  as  already 
Aristarchus  of  Samos  would  have  called  the  fixed  stars, — to 
disturb  the  process  by  which,  through  the  absorption  of  other 
complementary  rays  (whether  in  the  photosphere  of  the  star 
itself,  or  in  wandering  cosmical  clouds),  the  less  refrangible 
red  rays  had  once  been  the  prevailing  ones.    Now  that,  from 
the  modern  advances  in  optics,  this  subject  has  become  one 
of  great  and  lively  interest,  it  would  be  very  desirable  to  be 
able  to  assign  some  fixed  limits  in  point  of  time  to  the  epoch 
of  such  an  event  in  Nature  as  that  of  the  disappearance  of 
the  red  colour  of  Sirius.     In  the  time  of  Tycho  Brahe  the 
light  of  Sirius  must  certainly  have  been  already  white;  for 
when  the  new  star  which  appeared  in  Cassiopeia  in  1572,  and 
which  was  at  first  of  dazzling  whiteness,  was  seen  to  assume, 
in  March  1573,  a  red  tinge,  and,  in  January  1574,  to  become 
once  more  white, — the  astonished  observers  who  witnesstd 
these  changes  compared  the  red  star  to  Mars  and  Aldebaran, 
but  not  to  Sirius.     Perhaps  Sedillot,  or  other  philologists 
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conversant  with  Arabian  and  Persian  astronomy,  may 
succeed  in  discovering  in  the  intervals  from  El-Batani 
(Albategnius)  and  El-Fergani  (Alfraganus)  to  Abdurrahman 
Sufi,  and  Ebn-Junis  (from  880  to  1007),  and  from  Ebu- 
Junis  to  Nassir-Eddin  and  Ulugh  Beig  (from  1007  to  1437J 
some  evidence  respecting  the  colour  of  Sinus  at  that  time. 
El-Fei^ni  (properly  called  Mohammed  Ebn-Kethir  El- 
Fergani),  who,  as  early  as  the  middle  of  the  10th  century, 
observed  at  Bakka  ( Aracte)  on  the  Euphrates,  names  as  "  red 
stars''  ("  stellse  ruffse"  in  the  old  Latin  version  of  1590) 
Aldebaran,  and,  perplexingly  enough,  {^^^)  the  now  yellow, 
or  at  the  utmost  reddish-yellow,  Capella,  but  not  Sirius. 
On  the  other  hand,  if  we  suppose  that  Sirius  had  then  ceased 
to  be  a  red  star,  it  would  seem  strange  that  El-Fergani,  who 
follows  Ptolemy  throughout,  should  not  have  pointed  out  the 
change  of  colour  in  a  star  of  such  note.  Negative  reasons 
are,  however,  seldom  conclusive ;  and  it  should  be  remarked 
that,  in  the  same  passage,  El-Fergani  does  not  mention  the 
colour  of  Betelgeuze  (a  Orionis),which  is  now,  as  in  Ptolemy's 
time,  a  red  star. 

It  has  long  been  recognised,  that  among  all  the  brightly- 
shining  fixed  stars  in  the  heavens,  Sirius  occupies  the  first 
and  most  important  place  in  chronological  respects,  and  in 
its  historical  connection  with  the  earliest  development  of 
human  civilization  in  the  Valley  of  the  Nile.  According  to 
the  most  recent  researches  ofLepsius,  (^17)  the  Sothic  periofl, 
and  the  heliacal  rising  of  Sothis  (Sirius), — on  which  subject 
Biot  has  furnished  an  excellent  memoir, — remove  the  complete 
construction  of  the  Egyptian  calendar  to  the  highly  ancient 
ewch  of  almost  33  centuries  before  our  Era,  when  not  only 
i)  I*,  somroer  solstice,  and  consequently  the  commencement 
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of  the  risiag  of  the  Nile^  but  also  the  heliacal  rising  of  Sothis, 
fe)  upon  the  day  of  the  first  water-month  (on  the  first 
Fachon).  The  most  recent  and  hitherto  unpublished  re- 
searches on  th^  etymology  of  Sothis  and  Sirius  in  the  Coptic 
the  Zend^  the  Sanscrit^  and  the  Greek,  have  been  brought  to- 
gether by  me  in  a  note  (^^®),  which  cannot  be  otherwise  than 
welcome  to  those  who,  from  interest  in  the  history  of  astro* 
nomy,  are  led  to  recognise,  in  languages  and  their  affinitioB^ 
monuments  of  earlier  knowledge. 

At  the  present  lime,  besides  Sirius ;  Vega,Deneb,  Bcgalii% 
and  Spica,  are  decidedly  white  stars ;  and  among  the  small 
double  stars,  Struve  counts  300  in  which  both  stars  are 
white.  (219)  Procyon,  Atair,  Polaris,  and  espedallj  j3  Urse 
Minoris,  have  a  yellow  or  yellowish  light.  Of  red  or 
reddish  large  stars,  we  have  already  named  Betelgeuze, 
Arcturus,  Aldebaran,  Antares  and  Pollux.  Btimker  finds  y 
Crucis  to  have  a  fine  red  colour;  and  my  old  friend  Captain 
B6rard,  who  is  an  excellent  observer,  wrote  from  Madagascar 
in  1847,  that  he  had  for  some  years  perceived  a  Crucis  to  be 
reddening.  The  star  ??  Argus,  which  has  acquired  celebrity 
from  Sir  John  Herschers  observations,  and  of  which  I  shall 
soon  have  occasion  to  speak  in  more  detail,  is  changing  the 
colour  as  well  as  the  intensity  of  its  light.  In  1843^  at 
Calcutta,  Mr.  Mackay  found  this  star  like  Arcturus  in  colour, 
— therefore  of  a  reddish  yellow;  (220)  but  in  February  1 850^ 
Lieutenant  Gilliss,  in  letters  from  Santiago  de  Chile^  calls  it 
'^  of  a  darker  colour  than  Mars.^*  Sir  John  Herschel^  at  the 
conclusion  of  his  Cape  observations,  gives  a  Ust  of  76  mby- 
coloured  small  stars,  from  the  7th  to  the  9th  magnitude. 
The  appearance  of  some  of  them  in  the  telescope  is  like  drops 
of  blood.     The  majority  of  '*  variable'^  stars  are  described 
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as  red  or  reddish.  (^^*)     I  may  name  as  exceptions — Algol 
in  the  head  of  Medusa,  f3  hym>,  and  e  Aurigte,  which  have 
a  pure  white  hght.      Mira  Ceti,  whose  periodic  variation  of 
light  was  the  first  recognised,  (***)  has  a  stmuglv  redd  sh 
light;  but  the  variability  of  Algol  and  /i  LjTie  shows  that 
the  red  colour  is  not  a  necessary  condition  of  variability  of 
light ;  and  we  know,  moreover,  that  there  are  several  reddish 
stars   which   are   not  included  among  the  variable  stars. 
According  to  Strove,  the  faintest  stars  in  which  colonrs  can 
still  be  dislinguished  are  of  the  9th  and  10th  magnitudes. 
We  find  the  first  mention  of  blue  stars  (^^)   in  Mariotte's 
"TraitedeaConleurs."  in  1086.     The  star  f|  Lyrse  is  bluish. 
A  small  cluster  of  3J  uiiimtes'  diameter  in  the  southern  he- 
misphere consists,  according  to  Dunlop,  exclusively  of  small 
blue  stars.     Among  the  double  stars  there  are  many  in 
which  the  principal  star  is  white,  and  the  companion  blue ; 
and  some  in  which  both  the  principal  star  and  the  companion 
have  a  blue  light,  (^'*)  as  S  Serp.  and  59  Androra.     Some- 
times, as  in  the  cluster  of  stars  near  k  of  the  Southern 
Cross,  which  was  taken  by  Lac^e  for  a  nebula,   above  a 
liundred  small  stars  of  difTerent  colours  (red,  green,  bhie, 
and  bluish-green)  are  so  crowded  together,  that  they  appear, 
ia  lat^  telescopes,  like  gems  of  many  colours  ("hkc  a 
"uperh  piece  of  fancy  jewellery)."  (^'^] 

The  ancients  thought  they  recognised  a  remarkable  sym- 
metrical arrangement  in  the  position  of  certain  stars  of  the 
1st  magnitude.  Thus  their  attention  was  particularly 
ditecled  to  what  they  called  the  "  four  royal  stars,"  which 
at  opposite  to  each  other  ou  the  sphere — Aldebaran  and 
intares,  Regulus  and  Fomaihaut.      This  regular  arrange- 
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inent,  which  I  have  noticed  elsewhere,  (^26)  is  discussed  at 
length  by  a  Bomari  writer  of  the  age  of  Constantine,  Julius 
Ermicus  Matemus.(227)  The  differences  in  right  ascen- 
sion of  the  "royal  stars/^  "stellse  regales/'  are  llh.  57m. 
and  12h.  49m.  The  importance  which  was  attached  to 
tliis  subject  was  probably  founded  on  opinions  derived  from 
the  East,  which,  under  the  Caesars,  made  their  way  into  the 
Roman  empire,  together  with  a  great  predilection  for  astro- 
logy. An  obscure  passage  in  the  book  of  Job  (ch.  ix.  v.  9), 
in  which  the  "  chambers  of  the  south''  are  opposed  to  "  the 
Leg,"  i.  e.  the  North  Star  in  the  Great  Bear  (the  celebrated 
Bull's  Leg  in  the  astronomical  representations  at  Dendera, 
and  in  the  Egyptian  "  Book  of  the  Dead"),  seems  also  in- 
tended to  allude  to  the  four  quarters  of  the  heavens,  marked 
by  four  constellations,  (^^s) 

If  a  large  and  fine  portion  of  the  southern  heavens, — viz. 
all  stars  beyond  53°  of  south  declinatioii, — remained  con- 
cealed from  the  ancients,  and  even  until  the  latter  part  of  the 
Middle  Ages,  yet  the  knowledge  of  the  southern  celestial 
hemisphere  had  gradually  become  complete  about  one  hun- 
dred years  before  the  invention  and  employment  of  telescopes. 
In  the  time  of  Ptolemy,  the  Altar,  the  feet  of  the  Centaur, 
the  Southern  Cross  then  included  in  the  Centaur,  or  other- 
wise (according  to  Pliny)  called  Caesaris  Thronus  in  honour 
of  Augustus,  (229)  and  lastly  Canopus  (Canobus),  which  the 
scholiast  to  Germanicus  (230)  calls  the  Ptolemseon, — ^were  ail 
visible  above  the  horizon  of  Alexandria.  In  the  catalogue  of 
the  Almagest,  Achemar,  a  star  of  the  1st  magnitude,  the  Idst 
in  the  constellation  of  the  Biver  Eridanus  (in  Arabic,  Achir- 
el-nahr),  is  also  mentioned,  although  it  was  9°  below  the 
horizon.     Intelligence  of  the  existence  of  this  star  must 
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hvwe  been  brougiit  to  PlokHn  bnm  Tonea  to-  sbe  sicicbeeB 
fMit  of  the  Bed  Sen,  or  bctwunOccifis  md  tls  eoKDercyi 
entiepdt  of  Muzim  {^  on  tine  IbUbor  coast.  X  j  d:cJK 
Diego  Cun  in  eompanj  wnh  Mutm  BdaaoL  in  l4>f.  en 
tbe  West  Coftst  of  Abrjcm,  ButboSoow  I>ji2  in  14^7,  au 
Vasco  de  Gum  in  U9i  on  the  T\i>Taee  to  Jsudak,  zmseoi  fir 
bintind  the  Eqoiior,  and  into  t^iie  Soctcicfa  Oceac^  *»  diur  as 
35°  S.  latitude;  but  the  fira  paiiik<Lkr  nocke  d  Hut  hift 
Stan  and  neboh^  the  dtiaciiyiiDa  oiT  t2«  UjeeiiuEic  ck-vds 
and  tbe  ''eoaiaai^^  and  eren  the  &Bbe  of  the  "  voidec 
of  the  hearois  not  seen  in  the  MediEonncan,"  bdoog  to 
the  epoch  of  Tincent  Tancz  fiuEon,  AmensfyXtspaai,  and 
Andrea  CoEsah,  between  1500  and  1515.  Star-dstanoa 
voe  measured  in  the  southezn  he&TeiB  at  the  ad  of  the 
16th  and  the  beginning  of  the  17 th  centorr.  <>>: 

Lavs  €S  rektiTe  densiti'  in  the  distiibotion  of  the  fixed 
stars  on  the  celestial  Taoh  besan  to  be  recoeniscd  when 
WiDiam  Ha'schel,  in  llbb,  concared  the  happj  thou^t 
of  estimating  the  nnmbo*  €t  stars  visible  in  the  £&d  of  Tiev. 
15'  in  diameter,  of  his  20-feet  lefiector,  at  diffioent  altitiides 
uid  in  different  directions.  This  laborioas  process  of 
"  gauging  the  heaTens"  has  been  already  repeatediv  referred 
to  iD  the  present  work.  The  field  of  view  embraced  each 
^^  ^^  i  1  j'o  o  o^b  of  the  whole  Leavens ;  and,  according  to 
I  remark  of  Strave'sy  S3  years  would  be  required  for  the 
completion  €ji  such  gaugings  over  the  entire  sphere.  {^^) 
In  inquiries  respecting  the  equal  or  unequal  distribution  of 
jtars,  their  photometric  magnitudes  must  be  partJcularlv 
taken  into  account.  If  we  confice  our  attention  to  the 
tii^t  stars  of  the  first  three  or  four  classes  of  magnitude, 
■e  find  them  prettr  uniformlv  distributed  (^  on  the  whole ; 
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b  it  locally^  in  the  southern  hemisphere,  from  e  Qrionis  to 
a  Gracis^  rather  crowded  together  in  a  snperb  zone  in  tiie 
direction  of  a  great  circle.  The  disagreement  in  the  jadg- 
ments  pronounced  by  different  travellers^  as  to  the  relathre 
beauty  of  the  northern  and  southern  hemispheres^  has  often 
I  believe^  depended  only  on  the  circumstance,  that  some  of 
he  observers  had  visited  the  southern  regions  at  a  time  when 
the  finest  constellations  culminate  in  the  day-time.  From  the 
gaugings  of  the  two  Herschels  in  the  northern  uid  soathem 
celestial  hemispheres^  it  follows  that  the  fixed  stars^  firom  the 
5th  and  6th  magnitudes  down  to  the  10th  and  15th  mag- 
nitudes,  (particularly,  therefore,  telescopic  stars),  increase 
regularly  in  density  as  the  Milky  Way  (6  yaXafmc  irvrXoc)  is 
approached ;  and  thus  that  there  may  be  said  to  be  poles  of 
abundance  or  richness,  and  poles  of  scarcity  or  poverty, 
in  respect  to  stars, — ^the  latter  being  at  right  angles  to 
the  principal  axis  of  the  Milky  Way.  The  density  of  stars  is 
least  at  the  poles  of  the  galactic  circle,  and  increases  in  all 
directions, — at  first  slowly,  and  then  more  and  more  rapidly 
as  the  galactic  polar  distance  increases. 

By  an  ingenious  and  careful  consideration  of  the  results 
of  the  star-gaugings  which  we  possess,  Struve  finds  that,  on 
the  average,  there  are,  in  the  central  perts  of  the  Milky  Wiqr, 
29*4  times  (almost  30  times)  as  many  stars  as  in  the 
regions  around  the  poles  of  the  Milky  Way ;  and  in  northern 
galactic  polar  distances  of  0°,  aO"",  60°,  75°,  and  90°,  the 
ratios  of  the  numbers  of  stars  in  the  field  of  view  of  15 
diameter  are  4-15,  6-52,  17-68,  30-80,  and  122-00.  In 
the  comparison  of  opposite  zones,  notwithstanding  the  great 
amilarity  in  the  law  of  increase  in  the  number  of  stars,  we 
again  find  an  absolute  preponderance  (^^)  on  the  side  of  the 
richer  and  more  beautiful  southern  heavens. 
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r  "When,  in  the  year  1843, 1  asked  Captain  Sclin'ink  to  be 
so  kind  as  to  commiinicate  to  me  the  distribution,  in  right 
ascension,  of  the  13148  stars  (1st  to  7th  mtiiniitude  iuclu- 
ave),  which,  at  Eessel's  instance,  he  had  entered  in  his 
"  Mappa  ccelestis,"  he  found,  in  four  groups — 

Eight  ascension,  50°— 140°;  8147  stars 

140°— 230*;  2627      " 

"          "       230°-320°;  3523      " 

"          «       320"-   60°;  2851      " 


These  groups  agree  w  ith  the  still  more  exact  results  of  the 
"  Etodes  stellaires ;"  according  to  which,  the  maxima  of  stars 
from  the  1st  to  the  9th  magnitude  fall  in  the  ritiht  aacen- 

Etons  of  6h.  40m.  and  18h.  40m.,  and  the  minima  in  tho!« 

of  Ih.  SOm.  8Dd  13h.  30m.  (»3«) 

In  reference  to  conjectures  respecting  the  structure  of 
llie  Universe,  and  the  position  or  depth  of  tiie  sideri-al 
strata,  it  is  essential  to  distinguish,  among  the  countless 
multitude  of  stars,  those  which  are  scattered  sporadically, 
from  those  which  we  find  crowded  in  detached  independent 
IS.  The  latter  are  the  "  clusters  of  stars"  wliich  have 
llieeu  spoken  of :  they  often  contain  many  thousmids  of 
Itdeecopic  stars  in  recognisable  relation  to  each  other, 
wi  are  seen  by  the  naked  eye  as  round  or  oval  nebids', 
appcBiing  like  comets.  These  are  the  "nebulous  stars" 
of  Eratosthenes  (*")  and  Ptolemy;  the  "nebulosie"  of  the 
Alphonsine  Tables  of  1252,  and  those  of  Gahleo,  which  (as 
it  ia  said  in  the  Nundus  sdderetis}  sieut  areolse  sparsim  per 
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The  clusters  of  stars^  again^  are  either  placed  solitarily  in 
the  heavens,  or  else  are  closely  and  unequally  crowded^  as  it 
were  in  strata,  in  the  Milky  Way  and  in  the  two  Magellanic 
clouds.  The  most  numerous,  and,  in  respect  to  the  annular 
configuration  of  the  Milky  Way,  the  most  important  assem- 
blage of  ''  globular  clusters/^  is  in  a  region  of  the  southern 
heavens,  {^^)  between  the  Corona  australis,  Sagittarius^  the 
tail  of  the  Scorpion,  and  the  constellation  of  the  Altar 
(R.  A.  16h.  45m.--  19h.)  But  all  the  clusters  of  stars  which 
are  in  or  near  the  Milky  Way  are  not  round  or  globular : 
there  are  several  of  irregular  outline,  less  rich  in  stars, 
and  with  not  very  dense  centres.  In  many  round  groups 
the  individual  stars  are  of  equal,  and  in  others  of  unequal, 
magnitudes.  In  some  rare  cases  they  show  a  fine  reddish 
central  star  (239) ;  (R.  A.  2h.  10m.,  N.  Decl.  56*^  21'). 
How  such  world-islands,  with  their  multiplicity  of  suns,  can 
rotate  free  and  undisturbed,  is  a  difficult  problem  in  dynamics. 
Clusters  of  stars  and  nebulae,  even  though  it  be  now  very  gene- 
rally assumed  respecting  the  latter  that  they  also  consist  ol 
very  small  but  still  more  distant  stars,  yet  appear  to  be 
subject  to  different  laws  in  respect  to  their  local  distribution. 
The  recognition  of  these  laws  will  have  a  prominent  in- 
fluence in  modifying  conjectures  respecting  what  has  been 
adventurously  termed  the  "  structure  of  the  heavens/*  It 
is  also  a  very  remarkable  fact  of  observation,  that,  with  the 
same  aperture  and  magnifying  power  of  the  telescope^  round 
nebulae  are  more  easily  resolved  into  clusters  of  stars  than, 
oval  ones.  (2*o) 

Of  the  clusters  of  stars  which  form,  as  it  were,  detachecl. 
systems,  I  content  myself  with  naming  the  following : — 

T!i3  Pleiades :  doubtless  recognised  from  the  earliest 
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times  by  the  radest  nations ;  the  constellation  of  naviga- 
tion, Pleias,  dwo  rod  wXiiv,  according  to  the  etymology  of 
the  old  scholiast  of  Aratos,  which  is  probably  more  correct 
than  that  of  later  writers,  who  derive  the  name  from 
wKiog,  abundance.  The  navigation  of  the  Mediterranean 
lasted  from  May  to  the  beginning  of  November, — from 
the  early  rismg  to  the  early  setting  of  the  Pleiades. 

The  Bee-hive  in  CSancer :  according  to  Pliny,  nubecula 
quam  Prsesepia  vocant  inter  Asdlos ;  a  ve^iov  of  the 
Pseudo-Eratosthenes. 

The  cluster  of  stars  in  the  hilt  of  the  sword  in  Perseus, 
often  mentioned  by  the  Greek  astronomers. 

Coma  Berenices :  like  the  three  former,  visible  to  the 
naked  eye. 

Cluster  of  stars  near  Arcturus  (No.  1663),  telescopic; 
B.A.18h.  84m.  12s.,  N.  declination,  29^  14';  more  than 
a  thousand  small  stars  of  the  10th  to  the  12th  magni- 
tude. 

Cluster  of  stars  between  i?  and  (  Herculis  :  in  vert/  fine 
nights  visible  to  the  naked  eye ;  a  magnificent  object  in 
the  telescope  (No.  1968),  with  singular  ray-shaped  out- 
lines; E.  A.  16h.  35m.  37s.;  N.  Decl.  36°  47';  first 
described  by  Halley  in  1714. 

Claster  of  stars  near  to  Centauri :  described  as  early  as 
1677  by  HfiJley ;  appears  to  the  naked  eye  as  a  round 
oomet-like  patch,  shining  almost  like  a  star  of  tlie  4.5 
Jnapiitude;  when  seen  in  powerful  telescopes  it  appears 
to  he  composed  of  a  countless  multitude  of  small  stars  of 
the  iJJth  to  the  15th  magnitude,  which  are  more  densely 
crowded  towards  the  centre;  E.  A.  13h.  16m.  38s., 
S-Dedinaiion  46°  35';  No.  3504  in  Sir  Jobii  Herschd's 
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catalogue  of  the  clusters  of  stars  in  the  Southern  Heavens, 
15'  in  diameter.  (Cape  Observ.  pp.  21  and  105,  Outl.  of 
Astr.  p.  595), 

Cluster  of  stars  near  ic  of  the  Southern  Cross  (No. 
3435) :  composed  of  many-coloured  stars  of  the  12th  to 
the  16th  magnitude,  distributed  over  an  area  of  -^^  of  a 
square  degree;  a  nebulous  star  according  to  LacaiUey  but 
so  completely  resolved  by  Sir  John  Herschel  that  no  ne- 
bulous appearance  remained :  the  central  star  deep  red. 
(Cape  Observ.  pp.  17  and  102,  PL  1,  fig.  2). 

Cluster  of  stars  47  Toucani,  Bode ;  No.  2322  of  Sir 
John  Herschel^s  catalogue,  one  of  the  most  remarkable 
objects  of  the  Southern  heavens.  I  was  myself  deceived 
by  it  for  some  nights,  taking  it  for  a  comet,  when,  on  my 
first  arrival  in  Peru,  in  12^  South  latitude,  I  saw  it  rise 
high  above  the  horizon.  Its  visibility  to  the  naked  eye 
is  so  much  the  greater  because,  although  near  the  smaller 
Magellanic  Cloud,  it  is  in  a  place  wholly  devoid  of  stan, 
and  has  a  diameter  of  15'  to  20'.  It  is  of  a  pak 
roseate  colour  in  the  inside,  surrounded  concentrically  by 
a  white  border,  and  composed  of  small  stars  aU  about  th^ 
same  magnitude  (14m.  to  16m.),  presenting  all  the  chi* 
racteristics  of  bodies  of  a  globular  form,  (^i) 

Cluster  of  stars  in  the  girdle  of  Andromeda,  near  thi^ 
star  V  o{  that  constellation.  The  resolution  of  this  cde* 
brated  nebula  into  stars,  above  1500  of  which  have  been 
distinctly  made  out,  is  one  of  the  most  remarkable  d]0« 
coveries  of  this  department  of  astronomy  in  our  time* 
Its  merit  belongs  to  George  Bond,  (i^^)  assistant  at  tb^ 
Observatory  of  Cambridge  in  the  United  States  (Maiot 
1848) ;  and  it  also  evidences  the  excellence  and  iLhaS^ 
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Buice  of  light  of  the  refracting  telescope  of  that  Obser- 
ratoiy  (which  has  an  object  glass  of  14  Parisian  inches 
diameter),  since  even  a  reflecting  telescope,  in  which  the 
Burror  has  18  inches  diameter,  does  not  shew  the  faintest 
e  by  which  the  presence  of  a  star  can  be  divined.  ('*') 
I31e  clostfir  of  stars  in  Andromeda  may  perhaps  hare  been 
mown  as  a  nebula  of  oval  form  as  early  as  the  end  of  the 
sth  century ;  but  it  is  more  certain  that  on  the  1 5th  of 
Deceinber,1612,  Simon  Marius(Mayer  of  Guntzenhausen, 
fte  same  who  first  remarked  the  change  of  colour  in 
bcinti]lation(^^))j  distinguished  it  as  a  new  and  wonderful 
Itorless  cosmical  body  which  had  not  been  named  by  Tycho 
Brahe,  and  it  was  he  who  6rst  gave  a  detailed  description 
Half  a  century  later,  Bouilland,  the  author  of  the 
Astronomia  philolaica,  occupied  himself  with  the  same 
inbject.  This  cluster  of  stars,  which  is  Z^°  long  and 
ibove  1°  broad,  is  particularly  characterised  by  two  re- 
Uarkable  very  narrow  black  streaks,  nearly  parallel  to  each 
other  and  to  the  longer  axis  of  the  cluster,  and,  according 
"lo  Bond's  examination,  traversing  the  whole  like  fissures. 
'This  ajrangement  remiads  us  strongly  of  the  remarkable 
longitudinal  fissure  in  an  unresolved  nebula  of  the 
Southern  liemispheie.  No.  3501,  which  has  been  described 
and  figured  by  Sir  John  Herschel.  (Cape  Observ.  pp. 
20  and  105,  PI.  IV.  fig.  2.) 

In  this  selection  of  remarkable  clusters  of  stars,  I  hare 
It  included  the  great  nebula  in  Orion's  belt,  notwith- 
Inding  the  important  discoveries  for  which  we  are  in- 
liibled  to  the  Earl  of  Rosse  and  his  colossal  telescope,  as 
tprefer  reserving  it  for  the  section  on  Nebulie,  although 
(ntions  have  thus  been  already  resolved. 
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We  find  the  greatest  accumulation  of  clusters  of  stars 
(but  by  no  means  of  nebulae)  in  the  Milky  Way  (***)  (the 
Gralaxy,  the  Celestial  Biver  {^^)  of  the  Arabians}^  which 
forms  almost  a  great  circle  of  the  sphere^  and  is  inclined  to 
the  equator  at  an  angle  of  63®.     The  poles  of  the  Milky 
Way  are  situated  in  R.  A.  l^h.  47m,,  North  DecL  27® ;  and 
R.  A.  Oh.  47m.,  South  Decl.  27°:  therefore  that  which  may  be 
called  the  North  pole  is  near  Coma  Berenices,  and  the  South 
pole  between  Phoenix  and  Cetus.     If  all  planetary  relations 
of  place  are  referred  to  the  Ecliptic,  i.  e.  to  the  great  circle 
in  which  the  plane  of  the  sun's  path  cuts  the  sphere, 
we  may  with  equal  convenience  refer  many  relations  in 
space  of  the  fixed  stars,  (for  example  their  ac<;umu]ation  or 
grouping)  to  the  approximate  great  circle  of  the  Milky 
Way.     In  this  sense,  the  latter  is  to  the  sidereal  nuiverse 
what  the  ecliptic  is  to  the  planetary  world  of  our  solar 
system .    The  Milky  Way  cuts  the  equator  in  the  constellation 
of  the  Unicorn  between  Procyon  and  Sirius,  R.  A.  6h. 
54m.  (for  1800),  and  in  the  left  hand  of  Antinous,  R  A. 
19h.  I5m.     Thus  the  Milky  Way  divides  the  celestial  sphere 
into  two  rather  unequal  portions,  whose  areas  are  to  each 
other  in  the  proportion  of  about  8  to  9.     The  vernal  point 
is  situated  in  ihe  smaller  portion.     The  breadth  of  the 
Milky  Way  varies  very  much  in   diffierent  parts  of  its 
course.  (2*7)     Where  it  is  narrowest,  and  at  the  same  time 
brightest  (between  the  prow  of  the  Ship  and  the  Cross,  and 
nearest  to  the  Southern  Pole),  its  width  is  barely  from  8*^  to 
4° :  at  other  points  it  is  16®,  and  in  the  divided  part, 
between  Ophiuchus  and  Antinous,  (^^  it  is  as  much  as  22®. 
William  Herschel  has  remarked,  that,  judging  by  his  star- 
gauging,  the  Milky  Way  is  in  many  regions  6   or   7 
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;ree3  broader  than  the  brightness  visible  to  the  naked 
eye.  («s) 

Huygens,  who  examined  the  Milky  Ws;  with  his  £3  feet 
refractor,   had   denied,  as  early  as   1656,  that  its  miliy 
iteness  was  to  be  attribated  to  uuresolvable  nebulBe.      A 
careful  npplication   of  reflecting  telescopes   of  the 
largest  dimensions  and  greatest  power  of  light,  have  subse- 
qoentiy  proved  with  stiU  more  certainly,  what  Democritus 
and  Mauiiius  had  already  conjectured  respecting  the  ancient 
path  of  Phaeton,  vix.  that  the  milky  brightness  was  to  be 
ascribed  solely  to  the  crowded  strata  of  small  stars,  and  not 
to  the  scantily  intersperBed  nebulse.  The  general  white  or  shin- 
ing appearance  is  the  same  in  points  where  all  can  be  perfectly 
resolved  into  stars  and  even  where  these  stars,  thus  viewed 
through  iheteleacope,  are  seen  to  be  projected  on  a  black 
ground,  entirely  without  any  nebulous  light.  (^"*)      It  ia  in 
general  a  remarkable  characteristic  of  the  Milky  Way,  that 
globular  clusters  of  stais,  and  nebulous  patches  of  a  regular 
ovftl  shape,  are  equally  rare  in  it,  (*")  whereas  at  a  great 
distance  from  it  both  ate  congregated  in  large  numbers; 
md  in  the  Magellanic  clouds  we  even  find  isolated  stars, 
lobular  clusters  in  all  states  of  condensation,  and  nebula 
both  of  definite  oval  and  of  wholly  irregular  form,  inter- 
mingled.    A  remarkable  exception  to  this  rarity  of  globular 
elnsters  in  the  Milky  Way  occurs  in  a  region  of  it  which  is 
atnated  between  R.  A.  16h.  45m.  and  ISh.  lim. ;  between 
the  Altar,  the   Southern   Crown,  the  head  and  body  of 
Si^ittarius,  and  the  tail  of  the  Scorpion.      Between  the 
itas  t  and  9  of  the  Scorpion,  there  is  even  one  of  those 
innnlar   nebulaa   which   are   so   exceedingly   rare  in    Hie 
southern  «deatial  hemisphere.  (^'')      In  the  field  of  view  of 
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powerful  telescopes  (and  we  must  remember  that,  according 
to  the  estimations  of  Sii  "William  Herachelj  a  20-feet  in- 
strument penetrates  space  to  OOO,  and  a  40-feet  JDstrumeni 
to  2800  distances  of  Sirius),  the  Milky  Way  appears  in 
different  parts  as  varied  in  its  uidereal  contents,  as  it  seems 
irregular  and  indeterminate  in  its  outlines  and  boundaiy' 
when  viewed  by  the  naked  eye.  If  in  some  parts  of  thet 
Milky  Way  large  spaces  esbibit  great  uniformity,  both  ia* 
respect  to  light  and  to  the  apparent  magnitude  of  the  stara. 
of  which  it  consists,  iu  other  parts  the  brightest  patches  of 
closely-crowded  luminous  pointa  are  interrupted  in  B 
granular,  and  even  in  a  reticular  manner,  by  darker  inter- 
vals C^^)  which  arc  poor  in  stars :  indeed,  in  some  of  thes^ 
Intervals,  quite  in  the  interior  of  the  galaxy,  not  even  thai 
smallest  star  (18th  or  20th  magnitude)  can  be  discovered^ 
One  can  hardly  refrain  from  thinking,  that  in  such  placeai 
we  really  see  through  the  whole  sidereal  stratum  of  tl 
Milky  Way.  When  gauging  with  a  field  of  view  of  tl 
telescope  of  15'  diameter,  the  change  is  almost  immediate! 
&om  fields  containing  40  or  50  stars  on  an  average,  to  others 
having  between  400  and500  stars.  Often,  stars  of  the  highec 
orders  of  magnitude  occur  in  the  midst  of  the  finest  "  stu 
dust,"  while  all  the  intermediate  magnitudes  are  wantinga 
Perhaps  those  stars  which  we  call  of  the  lower  orders  ol 
magnitude  do  not  always  appear  to  us  such  solely  on  aos 
count  of  their  enormous  distance :  it  is  also  possible  that  th^ 
may  really  have  less  volume  and  less  development  of  light. 
In  order  to  represent  to  ourselves  the  greatest  contrarf 
iu  respect  to  abundance  or  paucity  of  stars,  we  must  talc 
regions  widely  removed  from  each  other.  The  maximum  ' 
lulatiou  and  the  greatest  brilliancy  are  to  be  louil 
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iween  the  prow  of  the  Ship  and  Sagittarius ;  or,  to  apeak 
ire  exactly,  between  the  Altar,  the  tail  of  the  Scorpion,  the 
id  bow  of  Sagittarius,  and  the  right  foot  of  Ophiuchus. 
"No  region  of  the  heavens  is  fuller  of  objects,  beautiful  and 
lemaikable  in  themselvea,  and  rendered  still  more  so  by 
their  association  and  grouping."  (*s*)  Next  ia  richness  to 
lids  beautiful  part  of  the  southern  celestial  vault,  ia  the 
pleasing  and  well-starred  region  in  our  northern  heavens  in 
Anoila  and  Cygnus,  where  the  Milky  Way  divides  into 
banches.  As  the  Milty  Way  ia  most  narrow  below  the 
foot  of  the  Southern  Cross,  so,  on  the  other  hand,  the  region 
4  minimum  brightness  (where  the  galaxy  is  comparatively 
desert)  is  in  the  vicinity  of  the  Unicom  and  of  Perseus. 

Tlie  magnificent  effect  of  the  Milky  Way  in  the  southern 
kmiapbere  is  enhanced  by  the  circumstance,  that  between 
tie  star  q  Argus,  which  has  become  so  celebrated  on  account 
of  its  variability,  and  a  Crucis,  it  is  intersected,  in  the 
puallels  of  59°  and  60°  S.  Latitude,  at  an  angle  of  30°,  by 
Ha  remarkable  zone  of  very  large  and  probably  very  near 
*itB,  to  which  the  conalellationa  of  Orion,  Cania  Major, 
Knriiio,  CentanruB,  and  Crux  belong.  A  great  circle, 
piBsing  through  i  Orionia  and  the  foot  of  the  Cross,  indicates 
fte  direction  of  thia  remarkable  zone.  The  (I  might  almost 
"j)  picturesque  effect  of  the  Milky  Way  is  heightened  in 
"rth  hemispheres  by  its  repeated  divisions  or  branchings, 
"or  atiout  two-fifths  of  its  length  it  remains  undivided.  In 
the  greatest  bifurcation  the  branches  divide,  according  to  Sir 
JoW  Herschel,  at  a  Centauri,  {^'}  not  at  ^  Centauri  as 
onr  Btar-maps  represent,  nor  at  the  Altar  as  was  stated  by 
Ptolemy  (^*)  ;  they  reunite  in  Cygnus. 
In  order  to  afford  a  general  view  of  the  course  and  di- 
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rection  of  the  Milky  Way,  together  with  its  subordinate 
branches,  I  subjoin  a  very  brief  and  compressed  account  of 
its  parts,  following  their  order  of  Bight  Ascension.     Passing 
through  y  and  e  Cassiopeise,  the  Milky  Way  sends  out  to  the 
southward,  towards  e  Persei,  a  branch,  which  loses  itsdf 
near  the  Pleiades  and  Hyades.     The  main  stream,  which  is 
here  very  faint,  passes  over  the  three  remarkable  stars  called 
the  Hcedi,  in  Auriga,  between  the  feet  of  Oemini  and  the 
horns  of  Taurus, — ^where  it  intersects  the  Ecliptic  nearly  at 
the  summer  solstice, — and  thence  over  the  club  of  Orion, 
cutting  the  equinoctial  (in  1800),  at  6h.  54m.  B.  A.,  in  the 
neck  of  Monoceros : — from  this  place  it  increases  considerably 
in  brightness.     At  the  after-part  of  the  Ship  a  branch 
detaches  itself  towards  the  south,   proceeding   as  far  as 
y  Argus,  where  it  breaks  off  suddenly.    The  main  course 
continues  to  83°  South  Declination,  where,  having  opened 
out  into  a  fan-like  shape  20°  wide,  it  breaks  off;  so  that, 
in  the  line  between  y  and  X  Argus,  there  is  a  wide  gap 
in  the  Milky  Way.     After  this  it  resumes  its  course,  at  first 
with  a  similar  expansion  in  breadth ;  but  near  the  hind 
feet  of  the  Centaur  it  narrows  again,  and  before  entering  the 
constellation  of  the  Cross  it  reaches  its  narrowest  part, 
which  is  only  3°  or  4°  wide.      Soon  afterwards  the  shining 
Way  spreads  out  into  a  bright  and  broad  mass,  which 
includes  p  Centauri  as  well  as  a  and  p  Crucis  and  in  the 
middle  of  which  the  black  pear-shaped  coal-bag  or  coal- 
sack,  which  I  have  spoken  of  more  particularly  in  the  7th 
section,  is  situated.     It  is  in  this  rems^kable  region,  a  little 
below  the  coal-sack,  that  the  Milky  Way  approaches  nearest 
to  the  South  Pole. 
The  principal  division  of  the  Milky  Way,  alluded  to 
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takes  place  at  n  Centaiiri :  it  is  a.  bifurcation 
which,  according  to  older  views,  continues  to  the  const«U 
lation  of  Cygnus.  Proceeding  from  a  Cenfauri,  a  narrow 
branch  goes  northwards  towards  the  consteliation  Lupus, 
where  it  loses  itsi'lf:  then  a  division  sbows  itself  at 
y  KomiEe.  The  northern  branch  runs  into  irregular 
shapes  nntil  near  the  feet  of  Ophiuchus,  wliere  it  entirely 
disappears ;  the  southern  branch  now  becomes  the  main 
stream,  and  passes  through  the  Altar  and  the  tail  of 
llie  Scorpion  to  the  bow  of  Sagittarius,  where  it  cuts  the 
Ecliptic  in  276°  lougitude.  Further  on  we  recognise  it 
(till,  but  in  an  interrupted  patchy  form,  passing  through 
iquila,  Sagitta,  and  Vulpecula,  to  Cygnus.  Here  begins  a 
lerj  irregular  district,  where,  between  «,  a,  and  y  Cygni, 
tliere  is  a  broad  dark  sjiace,  wliich  Sir  John  Uerschel  (^") 
wimpares  to  the  coal-sack  in  the  Southern  Cross,  and  which 
I'nms,  as  it  were,  a  centre  whence  three  partial  streams 
^iveige.  One  of  these,  which  has  most  strength  of  light, 
i^aj  be  pursued  in,  as  it  were,  a  retrograde  course  past 
O  Cygni  and  »  Aquila :  it  does  not  however  unite  with  the 
°^anch  before  sjxiken  of,  which  goes  to  the  foot  of  Ophiuchu?. 
There  is  stiU  a  considerable  additional  piece  of  the  Milky 
^V»y,  which  extends  from  the  head  of  Cepheus,  and  therefore 
iu  tlie  vicinity  of  Cassiopeia,  from  which  constellation  we 
^egHn  our  description,  to  L'rsus  Minor  and  the  North  Pole. 
I'rom  the  extraordinary  improvement  which,  by  the  applira- 
Ucn  of  large  telescopes,  has  gradually  been  made  in  the  know- 
geof  the  sidereal  eontenta,  and  the  differences  in  respect  to 
tion  of  light,  in  diiferent  parts  of  the  Milky  "Way, 
s  of  merely  optical  projection  have  been  replaced  by 
a  may  rather  be  deemed  views  of  physical  character  and 
G  2 
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formation.  Thomas  Wright  of  Durham^  {^^)  Kant^  Lamberti 
and  at  first  also  William  Herschel,  were  inclined  to  i^aid 
the  form  of  the  Milky  Way^  and  the  apparent  accmnalation 
of  stars  in  it^  as  consequences  of  the  flattened  form  and 
unequal  dimensions  of  the  ^^world-island''  (sidereal  stratum) 
in  which  our  solar  system  is  included.  The  hypothesis  of 
equal  magnitude  and  equable  distribution  of  fixed  stars  has 
recently  been  shaken  on  many  sides.  The  bold  and  abb 
investigator  of  the  heavens,  William  Herschel,  dedand 
himselfy  in  his  last  work,  (^^)  decidedly  in  fiavour  of  the 
assumption  of  a  ring  or  annulus  of  stars, — which  assumptkm 
he  had  combated  in  a  treatise  in  the  year  1781.  Beoent 
observations  have  favoured  the  hypothesis  of  a  system  of 
detached  concentric  rings.  The  thickness  of  these  ringi 
appears  to  be  very  unequal,  and  the  several  strata  whose 
united  stronger  or  fainter  light  we  receive,  are  doubUeiB 
situated  at  very  different  heights,  i.  e.  very  different  distanoei 
from  us :  but  the  relative  brightness  of  the  several  8tai% 
which  we  estimate  as  being  from  the  10  th  to  the  16th  mag- 
nitude, cannot  be  regarded  as  such  a  measure  of  their  relatife 
distances,  as  could  enable  us  to  derive  from  thence  a  satii- 
factory  numerical  (^^o)  determination  of  the  radii  of  the 
respective  spheres  of  distance. 

In  many  parts  of  the  Milky  Way,  the  space-penetntug 
power  of  instruments  is  sufficient  to  resolve  the  star-doodiy 
and  to  enable  us  tp  see  single  luminous  points  projected 
on  the  dark  starless  regions  of  celestial  space.  In  such  case 
we  really  look  tlirough  into  free  and  open  space.  ^'  It  leads  vb," 
says  Sir  John  Herschel,  ^'  irresistibly  to  the  conclusion^  that  in 
these  regions  we  see/airli/  through  the  starry  stratum/'  (*^*) 
In  other  regions  we  see,  as  through  openings  and  fiasmei^ 
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either  distant  world-islands,  or  out-branching  parts  of  the 
annular   system;    in  others,   again,   the   Milky  Way  has 
hitherto  remained  "fathomless,"   even  to  the  40-feet  teles- 
cope. (^*)       Investigations   respecting   differences  in   the 
intensity  of  light  in  the  Milky  Way,  as  well  respecting  the 
magnitudes  of  stars,  and  their  regular  increase  in  numbers 
from  the  poles  of  the  galaxy  to  the  galactic  circle  ibself, 
(an  increase  which  is  particularly  remarkcH  for  30°  on  either 
ade  of  the  Milky  "Way  in  stars  below  the   11th  magni- 
tude, (*^^)  and  therefore  in  -{-ftbs  of  the  whole  number), 
have  conducted  those  who  have  been  engaged  in  the  most 
recent  researches  in  the  southern  heavens,  to  remarkable 
Tiews  and  probable  results  in  regard  to  the  form  of  the 
galactio  annular  system,  and  to  what  has  been  boldly  called 
be  place  of  our  Sun  in  the  world-island  to  wbich  that 
nmnlar  system  belongs.     The  place  assigned  to  the  8nn  is 
Mcentric,  and  conjectured  to  be  where  a  subordinate  stratum 
from  the  principal  ring,  (*^)  in  one  of  the 
Hnparatively  desert  regions,  and  nearer  to  the  Southern 
&oes  tlian  to  the  opposite  galactic  node.  {^^)      The  depth 
lo  which  our  system  is  immersed  in  the  star-stratum  wliich 
hms  the  Milky  Way  (reckoned  from  the  southern  limit)  is 
apposed  to  be  equal  to  the  distance,  (or  to  the  light-path)  of 
n  of  the  9th  and  10th,  but  not  of  the  11  th  magnitude.  (««) 
from  the  peculiar  nature  of  particular  problems, 
ments  and  immediate  cognizance  by  the  senses  fail 
*  riew,  as  it  were  by  an  imperfect  twilight,  the  reaulta 
I'Mch  intellectual  contemplation  aspires  to  attain. 
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NEWLY-APPEAKBD  AND  VANISHED  STARS. — VARIABLE  STAS8, 
WHICH  HAVE  MEASURED  AND  BECUKRING  PERIODS. — 
VARIATIONS  OF  THE  INTENSITY  OP  LIGHT  IN  CELESTIAL 
BODIES  OP  WHICH  THE  PERIODICITY  HAS  NOT  YET  BEEN 
INVESTIGATED. 

The  appearance  of  previously  unseen  stars  in  the  celestial 
vaults  especially  the  sudden  appearance  of  strongly  scin- 
tillating stars  of  the  1st  magnitude^  is  an  event  in  the 
regions  of  space  of  which  the  occurrence  has  evar  ex- 
cited the  astonislunent  of  men.  This  astonishment  is  so 
much  the  greater,  as  such  an  event  in  Nature  as  the 
sudden  visibility  of  an  object  which,  though  previously 
unseen,  we  yet  believe  to  have  existed  previously,  is  one  of 
the  rarest  of  all  phsenomena.  In  the  course  of  the  three 
centuries  from  1500  to  1800,  there  have  appeared  to  the 
inhabitants  of  the  northern  hemisphere  4«2  comets  visible 
to  the  naked  eye, — being,  on  an  average,  14  in  a  centuiy ; 
while,  during  the  same  three  hundred  years,  only  8  new  stars 
have  been  observed.  The  rarity  of  the  latter  occurrence 
becomes  still  more  striking  when  we  embrace  yet  longer 
periods.  From  the  important  epoch  in  the  history  of 
astronomy  of  the  completion  of  the  Alphonsine  Tables^  to 
the  time  of  William  Herschd^  or  from  1252  to  1800^  we 
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iwkoHj  of  comets  visible  to  the  naked  eye,  &bont  63,  and 

of  iicH'  stars  only  9 ;  thus,  for  the  period  within  which,  in 

European  civilised  countries,  we  can  count  on  a  tuletably 

ttcutate  enumeration,  we  find  the  proportioD  of  new  stan  to 

cumeta,  both  being  risible  to  the  naked  eye,  as  1  to  7.     We 

soon  show,  that  if  in  the  Chinese  n^sters  of  Ma- 

lin,  we  carefully  distinguish  the  observations  of  newly- 

kred  stars  from  those  of  tail-less  comets, — and  if  we  go 

to  a  century  and  a  half  before  the  Christian  era, — we 

Lhal,  in  the  course  of  tdmost  2000  years,  20  or  22  of 

phtEnomena  arc  the  utmost  that  can  be  adduced  with 

!  of  certainty. 

Before  proceeding  to  general  considerations,  1  prefer,  by 
Celling  on  a  single  example,  and  by  the  narration  of  an 
eyE-wituess,  to  attempt  to  convey  to  my  readers  a  just  idea 
of  the  vividness  of  the  impression  produced  by  the  appearance 
of  a  new  star.  "  When,"  sajsTychoBrahe,"  I  was  returning 
to  the  Danish  Islands,  after  travelling  in  Germany,  I 
ranained  awhile  (ut  aullcEc  vitte  fastidium  lenirem]  with  my 
node,  Steno  Bille,  at  the  pleasantly-situated  former  convent 
of  Herritzwadt,  where  I  was  in  the  habit  of  oidy  quitting  my 
chemical  kboratorj  in  the  evening.  On  coming  forth  into 
tbe  open  air,  ami  raising  my  eyes  as  usual  to  the  well-known 
Iieavenly  vault,  I  saw,  with  indescribable  astonishment,  near 
Uw  senith,  in  Cassiopeia,  a  radiant  fixed  star  of  a  magnitude 
nevBt  before  seen.  In  the  excitement,  I  thought  I  could 
not  trast  my  senses.  In  order  to  convince  myself  that  it 
DO  illusion,  and  to  collect  the  testimony  of  others,  I 
my  workman  from  the  laboratory,  and  asked  all  the 
itrr  people  who  were  passing  by,  whether  they  saw  the 
suddenly -outshining  bright  star  as  I  did.     Subsequently 
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I  learned  that  in  Gerraauy,  waggoners,  and  '  other  eommoa 
people/  first  called  the  attention  of  astronomers  to  this  great 
celestial  phienomenon,  which  (as  in  the  case  of  cometft 
appearing  without  having  heen  predicted)  renewed  the  usual 
scoffs  at  learned  men." 

"  I  found  this  new  star,"  Tycho  Bralie  continues,  "  with- 
out any  tail,  not  surrounded  by  any  nebulous  appearanct^j 
and  perfectly  similar  in  all  respects  to  all  the  other  fixed 
stars,  but  sparkling  still  more  brightly  than  those  of  the 
1st  magnitude.  It  exceeded  in  brilhancy  Sinus,  a  Lyn^ 
and  Jupiter,  and  could  only  be  paralleled  by  the  brightuem 
of  Venus  when  she  is  nearest  the  Earth,  ^t  which  time  only 
her  fourth  part  is  illuminated).  When  the  atmosphere 
dear,  men  gifted  with  keen  sight  could  distinguish  the 
star  in  the  day-time,  and  even  at  noon.  At  night,  when  the 
sky  has  been  so  far  covered  that  all  other  stars  were  veiled> 
it  has  repeatedly  been  seen  through  clouds  of  moderata 
density  (nubes  uon  admodum  densas).  Distances  froit 
other  neighbouring  stars  in  Cassiopeia,  which  I  measnred' 
with  great  care  throughont  the  whole  of  the  following  year, 
convinced  me  of  its  perfect  immobility.  In  December  1572,- 
the  light  of  the  star  began  to  diminish:  it  soon  became 
equal  to  Jupiter ;  and  in  January  1573  it  was  less  bright 
tlian  that  planet.  Continued  photometric  estimations  gave, 
in  February  and  March,  an  equality  with  the  stars  of  the 
I  st  magnitude  (stellarum  afGxarum  primi  honoris ;  for  Tychu' 
Brahe  seems  determined  never  to  use  the  expression  ol 
ManiliuSj  stellie  fiue) ;  for  April  and  May,  light  equal  tc 
stars  of  the  Sd;  for  July  and  August,  of  the  3d;  and 
for  October  aud  Noveraberj  of  the  4th  magnitude.  About 
the  month  of  November,  the  new  star  was  no  brighter  than 
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the  eleventh  star  in  the  lower  part  of  Cassiopeia's  chair. 
From  December  1573  to  February  1574,  it  diminished 
»DCcesaively  to  the  5th  and  6th  magnitudes.  In  the 
fcUoning  month,  after  shining  for  seventeen  months,  the 
new  star  disappeared  altogether,  leaving  no  trace  visible 
ia  the  naked  eye,"  (The  telescope  was  invented  tliirty-seveu 
years  later.) 

It  appears,  then,  that  the  loss  of  light  in  this  star  was 
Kceedinglj  gradual  and  regular,  and  not  interrupted  by 
periods  of  renewed  or  fresh  increase  of  light,  (as  has  been 
several  times  the  case  in  our  own  days  with  tj  Argus,  which, 
'ndeed,  is  not  to  be  called  a  new  star).  In  the  star 
b  Cassiopeia,  of  which  we  have  been  speakiug,  there  was 
ilteration  of  colour  as  well  as  of  light, — a  circumstance 
wliich  has  since  given  occasion  to  many  erroneous  concla- 
siona  respecting  the  velocity  of  coloured  rays  in  traversing 
space.  When  it  first  appeared,  aad  as  long  as  it  equalled 
first  Venus  and  then  Jupiter  in  brightness,  it«  light  was, 
daring  two  months,  white ;  after  which  it  passed  through 
yellow  into  red.  In  the  spring  of  1573,  Tycho  Brahe  com- 
pared it  to  Mars ;  he  next  found  it  almost  cam|}urabte  to 
the  star  in  the  right  shoulder  of  Orion  (Betelgeuze) .  Its 
colonr  resembled  most  nearly  the  red  colour  of  Aldebaran. 
In  the  spring  of  1573,  particularly  in  the  month  of  May, 
tie  wliiteness  returned  (albedinem  quandam  sublividam 
uiduebat,  qualis  Saturni  stellte  subesse  videtur].  In 
Jinoaiy  1574  it  still  continued  to  be  of  the  5th  magnitude 
Bd  white,  but  of  a  duller  white,  and  with  a  degree  of 
•ciiitillatiou  strikingly  great  in  proijortioii  to  its  feeble  light, 
Until  its  entire  gradual  disappearance  in  the  month  of 
LUarcli,  1574. 
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The  detailed  character  of  these  statements  (2^^^)  would  of 
itself  suffice  to  show  how  great  a  stimulus  to  the  considera- 
tion  of  highly  important  questions  must  have  been  affcSrdedy 
by  the  occurrence  of  such  a  phenomenon  at  a  period  bo 
brilliant  in  the  history  of  astronomy.  The  stimulus  was  the 
stronger,  because,  notwithstanding  the  above-described 
general  rarity  of  the  appearance  of  new  st.ars,  it  happened 
that  European  astronomers  witnessed  pheenomena  of  this 
kind  three  times  within  the  short  period  of  thirty-two  years. 
The  importance  of  star-catalogues,  determining  with  cer- 
tainty the  novelty  of  such  stars,  was  more  and  more 
recognised ;  their  periodical  character,  «.  e,  their  reappear- 
ance after  the  lapse  of  several  centuries,  was  discussed;  (*^) 
and  Tycho  Brahe  even  boldly  put  forth  a  theory  respecting 
the  process  of  formation  of  stars  from  cosmical  vapour  or 
nebulosity,  which  had  much  analogy  with  that  of  the  great 
William  Herschel.  He  believed  that  the  nebulous  celestial 
matter,  luminous  in  the  course  of  its  condensation,  solidified 
into  fixed  stars: — ''Cceli  materiem  tenuissimam,  ubique 
nostro  visui  et  planetarum  circuitibus  perviam,  in  unum 
globum  condensatam,  stellam  effingere/'  He  conceived  this 
everywhere-difiused  celestial  matter  to  have  already  a  certain 
degree  of  condensation  in  the  Milky  Way,  where  its  dawning 
luminosity  produced  a  mild  silvery  brightness, — and  this  he 
thought  the  reason  why  the  new  star,  like  those  of  945  and 
1264,.  shone  forth  on  the  edge  of  the  Milky  Way  itself  (quo 
factum  est  quod  nova  stella  in  ipso  Galaxise  margine 
constiterit) ;  and  it  even  seemed  possible  to  recognise  the 
place  (the  opening,  hiatus)  from  whence  the  nebulous  matter 
of  the  Milky  Way  had  been  taken.  (2«9)  All  this  reminds  us 
of  the  transition  (rf  cosmical  vapour  into  clusters  of  stars, — 
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the  concentration  to  a  central  nucleus^ — and  of  the  hypo- 
esea  respecting  the  gradual  development  of  solid  celestial 
»dies  from  a  vaporous  fluids — which  gained  acceptance  at 
B  commencement  of  the  present  century ;  but  which  now, 
Dording  to  the  ever-varying  fluctuations  of  the  world  of 
ought,  have  become  subject  to  fresh  doubts. 
We  may,  with  more  or  less  certainty,  reckon  among  the 
w  "temporary^^  stars  the  following,  which  I  have  arranged 
the  order  of  their  first  shining  forth : — 


a     134  B.C. 

in  Scorpio. 

b     123  A.D. 

in  Ophiuchus. 

c    173  — 

in  Centaurus. 

d    369?— 

e     386  — 

in  Sagittarius. 

/    389   — 

in  Aquila. 

f/    393  — 

in  Scorpio. 

*    827?— 

in  Scorpio. 

t    945  — 

between  Cepheus  and  Cassiopeia: 

k  1012  — 

in  Aries. 

/  1203  — 

in  Scorpio. 

m  1230   — 

in  Ophiuchus. 

n  1264  — 

between  Cepheus  and  Cassiopeia. 

0  1572 

in  Cassiopeia. 

J)  1578  — 

q  1584  — 

in  Scorpio. 

r  1600  — 

in  Cygnus. 

8  1604   — 

in  Ophiuchus. 

/  1609    — 

u  1670  — 

in  Vulpes. 

V  1848   — 

in  Ophiuchus. 
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Elucidatory  Notices  of  the  above  Temporary  Stars, 

a.  Whicli  first  appeared  between  /S  and  p  Soorpi»  in 
the  month  of  Julj^  134  years  before  our  Era»  is  recorded 
in  the  Chinese  Notices  of  Ma-tuan-lin^  for  the  knowledge 
of  which  we  are  indebted  to  the  philological  learning  d 
Edoaard  Biot  (Connaissauce  des  Temps  pour  Fan  ISM, 
p.  61).      The   '^  extraordinary^'  stars  of  ''afcrange  er 
foreign  appearance^'  of  these  Cliinese  Notices,-— oaUed  aiso 
^'guest-stars''    (''etoiles  botes,"  ^'ke-sing/'  as  it  were 
foreigners  of  strange  physiognomy)^  and  from  which  tiie  ob- 
servers themselves  had  distinguished  and  separated  oomed 
with  tails^ — included^  it  is  true^  some  tail-less  oometi^  u 
well  as  non-moving  new  stars^  properly  so-called;  but  in 
important  though  not  infallible  criterion  was   implied 
by  the  assignment  of  motion  in  some  cases  (ke-sing  of 
1092^  1181^  and  1458)^  audits  non-assignment  in  othen^ 
as  well  as  in  the  occasional  addition  of  the  remark— 
"the  Ke-sing  dissolved"  (disappeared).     We  may  abo 
recal  here  the  faint^  never  sparkling^  always  mild  light  of 
the  heads  of  comets^  whether  with  or  without  tailsi 
whereas  the  Chinese  "  extraordinary  stars"  are  comparedi 
in  respect  to  the  intensity  of  their  lights  to  Yenos^  which 
does  not  at  all  suit  the  character  of  comets^  and  more 
especially  of  tail-less  comets.      The  star  we  are  now 
speaking  of  {a,  134  b.c.)^  which  appeared  under  the  old 
dynasty  of  Han^  may^  as  Sir  John  Herschel  remarks^  have 
been  the  new  star  of  Hipparchus^  which^  according  to 
Pliny's  account^  induced  him  to  draw  up  his  list  of  stars. 
Delambre  twice  calls  this  account  ''a  fable,"  —  **une 
historiette"  (Hist,  de  I'Astr.  anc.  T.  i.  p.  290 ;  and  Hist 
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de  I'Astr.  mod.  T.  i.  p.  186).     As,  however,  according 
to  Ptolemy's  express  statement   (Almag.  vii  2,  p.  13, 
Halraa),  Hipparchus's  star-list  is   connected  with  the 
^Mn  12S  B.C.;  and  Htpparclius,  as  I  have  already  said 
^feewhere,   observed  in   Rhodes,    and   perhaps  also  at 
^Hbxandria,  between  16i  and  1^7  b.c,  there  is  at  least 
I     nothing  to  contradict  the  conjecture :    it  is  very  con- 
ceivable that  the  great  astronomer  of  Nicea  might  have 
observed  much  before  tbe  time  when  he  may  have  been 
led  to  propose  to  himself  the  preparation  of  an  actual 
cstalogue.     Pliny's  expression — "suo  egvo  genita,"  refers 
lo  his  whole  life.     \Vhen  Tycho  Brahe's  star  appeared,  in 
I     1572,  the  question  was  mnch  debated  whether  it  should 
L     be  regarded  as  belonging  to  the  class  of  new  stars  or  to 
^■ttiit  of  comets  without  tails.     Tycho  Brahe  himself  was 
Btf  the  first  opinion    (Progymn.    p.   319—825).     The 
B  Vords  "ejusque  motu  ad  dubitationem  adductua"  might, 
indeed,  lead  us  to  think  of  a  faint  or  tail-less  comet,  but 
the  rhetorical   style  of  Pliny  permits  every   degree   of 
iniiefiniteness  in  expression. 

b.  Appeared  between  a  Hercalis  and  a  Ophiuchi,  in 
December,  a.d,  123,  according  to  the  Chinese  notice, 
eitracted  by  Edouard  Biot  from  Ma-tuan-lin.  (A  new 
Btar  is  also  said  to  have  appeared  nnder  Hadrian,  in 

ISO.  A.D.) 

p.  A  singular  very  large  star.  The  notices  of  this  and 
of  the  three  following  stars  are  also  taken  from  Ma-tuan- 
lin.  It  appeared  on  the  10th  of  December,  a.d.  173, 
between  a  and  ^  Centauri,  and  di^sappeared  at  the  end  of 
«ght  months,  having  shown  the  five  different  colours  one 
,'ifct  anoUier ; — Edonard  Biot  says,  in  his  translation, 
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'' successively*'  (''successiveiflent'').  Such  an  expression 
might  almost  lead  us  to  infer  a  series  of  colours  like  those 
of  the  Tychonian  Star  before  spoken  of;  but  Sir  John 
Herschd  (I  believe  more  correctiy)  regards  it  as  a 
description  of  coloured  scintillation  (Outlines^  p.  568),  is 
Arago  has  interpreted  an  almost  similar  expression  of 
Kepler's,  relatively  to  the  new  star,  in  1604,  in  Ophindini 
(Annuaire  pour  1842,  p.  347). 
d.  Shone  from  March  to  August,  369. 

Between  \  and  ^  in  Sagittarius.  In  the  CShinese 
Notices  it  is  expressly  remarked  —  "where  the  stsr 
remained  without  motion  from  April  to  July,  886.'' 

/.  A  new  star  near  a  Aquilse  shone  forth  in  the 
time  of  the  Emperor  Honorius  in  889,  with  the  bright 
ness  of  Yenus,  as  is  related   by  Cuspinianus:  thne 
weeks  afterwards  it  disappeared  without    leaving  anj 
trace,  (^^o) 

^.  March,   893  in  the  tail  of  the  Scorpion;  from 
Ma-tuan-lin^s  notices. 

h.  The  year  827  is  doubtful ;  what  is  more  certain  is  the 
epoch  of  the  first  half  of  the  9th  century,  in  which,  under 
the  government  of  the  Caliph  Al-Mamun,  the  two  cele- 
brated Arabian  Astronomers  Haly,  and  Giafer  Ben- 
Mohammed  Albumazar,  observed  at  Babylon  a  new  stu 
whose  light  is  said  "  to  have  equalled  that  of  the  moon  in 
her  quarters  V*  This  cosmical  event  also  belongs  to  the 
constellation  of  Scorpio.  The  star  disappeared  after  an 
interval  of  only  four  months. 

I.  The  appearance  of  this  star,  which  is  said  to  have 
shone  forth  in  the  reign  of  the  Emperor  Otho  the  Great 
in  the  year  945  as  well  as  that  of  the  star  of  1264,  both 
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rest  fiolely  on  the  testimoiiy  of  the  Bohemian  astronomer 
Cypiiamis  Leovitius^  who  deckres  that  he  took  the  in- 
formation from  a  manuscript  chronicle,  and  who  calls 
sUention  to  the  drcnmstance  that  both  phenomena  (in 
the  years  945  and  1264)  took  place  between  the  con- 
stellations of  Cepheus  and  Cassiopeia,  qnite  close  to  the 
IGlky  Way,  and  at  the  very  place  where  the  Tychonian 
8(ar  appeared  in  1572.     Tycho  Brahe  (Progymn.  p.  331 
and  709),   defends  the  trustworthiness  of    Cyprianus 
Leovitius  against  Fontanus  and  Camerarius,  who  surmised 
a  confusion  with  long-tailed  comets. 
*  k.  According  to  the  testimony  of  the  monk  of  St.  Oalle, 
Hepidamius,  (who  died  in  the  year  1088,  and  whose 
amuls  extend  from  709  to  1044),  a  new  star,  of  unusual 
magDitude  and  dazzling  brightness  (oculos  verberans), 
Tas  seen  in  the  most  southern  part  of  the  heavens  in  the 
sign  of  Aries :  it  appeared  near  the  end  of  the  month  of 
May  1012,  and  contiuued  to  shine  for  three  months. 
It  varied  in  a  wonderful  manner,  sometimes  appearing 
lai^,  sometimes  smaller,  and  sometimes  not  being  seen 
At  all.     "  Nova  Stella  apparuit  insolitse  magnitudinis, 
fispectu  fulgurans,  et  oculos  verberans  non  sine  terrore. 
Qoffi  mirum  in  modum  aliquando  contractior,  aliquando 
diffusior,  etiam  extinguebatur  interdum.    Visa  est  autem 
per  tres  menses  in  intimis  finibus  Austri,  ultra  omnia 
rigna  quffi  videntur  in  coelo,^^   (see  Hepidanni,  Annates 
Wes,  in  Duchesne,  Historise  Traucorum  Scriptores,  T.  iii. 
1641,  p.  477 ;   compare  also  Schnurrer,  Chronik   der 
Seuchen,  Th.  I.  S.  201.     More  recent  historical  criticism 
*^j  however,  preferred  to  the  manuscript  used  by  Duchesne 
uid  Goldastj  which  places  the  phenomenon  in  1012, 
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another  which  gives  a  difference  of  dates^  placing  it  m 
years  earlier^  or  in  1006^  (see  Annales  Sangalfepsei 
majores  in  Pertz,  Monumenta  Germanise  hisfam 
Scriptorom^  T.  i.  1826^  p.  81).  The  authorship  of  tiie 
supposed  writings  of  Hepidannus  has  also  been  rebdend 
doubtful  by  recent  investigations.  The  strange  pheno- 
menon of  variability  has  been  called  by  Chladni  tlie 
''conflagration  and  destruction  of  a  fixed  star/'  Hind, 
(Notices  of  the  Astron.  Soc.  Vol.  viii.  1848^  p.  156) 
conjectures^  that  the  star  of  Hepidannus  may  be  identical 
with  the  star  which  Ma-tuan-lin  marks  as  having  beep 
seen  in  China  in  February  1011^  in  Sagittarius^  between 
o  and  ^.  But  in  such  case  Ma-tuan-lin  must  have  been 
mistaken  not  only  in  the  year^  but  also  in  the  consteDation 
in  which  the  star  appeared. 

I.  End  of  July  1203^  in  the  tail  of  the  Scoipion. 
According  to  the  Chinese  notice^ ''  a  new  star  of  ablaeiah 
white  lights  without  any  luminous  nebulosity^  resembling 
Saturn  (Edouard  Biot^  in  the  Connaissance  des  tempe 
pour  1846,  p.  68). 

m.  Another  Chinese  observation  from  Ma-tnan-lini 
whose  astronomical  Notices^  with  the  exact  indication  of 
the  positions  of  the  comets  and  fixed  stars^  reasoend  to 
613  years  b.  c,  or  to  the  time  of  Thales  and  the 
Expedition  of  Colseus  of  Samos.  The  new  star  appeared 
in  the  middle  of  December,  1230,  between  Ophiudnu 
and  the  serpent.  It  ''  dissolved  awa/'  at  the  end  of 
March  1231. 

n.  Is  the  star  whose  appearance  in  1 264  is  mentioned 
by  the  Bohemian  astronomer,  Cyprianus  Tieovitius,  (see 
the  star  previously  referred  to,  i,  945).    At  the  same 
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^e  (Julj  1264>)  there  appeEtred  a  great  comet,  whose 
3  est«nded  over  half  the  sky,  and  which  therefore  could 
it  be  confounded  with  the  star  described  aa  having  shone 

1  between  Cepheus  and  Cassiopeia. 
0.  The  star  of  Tj-cho  Br.ihe,  of  the  11th  of  November 
1572,  in  Cassiopeia's  chair;  R.  A.  3°  a6';  Decl.  63°  3' 
(for  ISOO). 

p.  February  1578,  from  Ma-tuan-lin.  The  con- 
Etelktion  in  which  the  star  appeared  is  not  given ;  bat 
the  intensity  and  radiation  of  its  light  must  have  been  ez- 
tiaordinary,  since  the  Chinese  notice  has  appended  to  it  a 
note,  saying  "a  star  as  great  as  the  aun  I" 

q.  1  at  of  July  1584,  not  far  from  wScorpii;  aCliiueap. 
observation. 

r.  The  star  34  Cygni,  according  to  Bayer.      Wilbelm 

Janaon,  the  distinguished  geographer,  who  for  some  time 

11     observed  with  Tycho  Brahe,  first  had  his  attention  arrested 

^Hgr  the  new  star  in  the  breast  of  the  Swan,  (at  the  com- 

^Bteiicement  of  the  neck),  as   an  inscription   upon   his 

^"telestial  globe  tertifies.     Kepler  being  prevented,  both  by 

liii  journeys  and  by  the  want  of  instruments  after  Tycho 

flrahe's  death,  did  not  begin  to  observe  it  until  two 

jears  later,  and  (which  is  the  more  surprising,  as  the  star 

was  of  the  3rd  magnitude)  he  even  was  not  until  then 

iwaieof  its  existence.     He  says:  "CumnienHeMajoanni 

primum  litteris   mouerer   de   novo   Cygni   phffi- 

neiDQio  ..."  {Kepler  de  Stella  nova  tertii  honoris  in 

fcCjgno  1606,  appended  to  the  work  de  ateila  nova  in 

ent,  p.  152,  154,  164,  and  167).     In  Kepler's  me- 

■ffloit  it  is  never  said  (as  it  has  ofteti  been  in  more  modem 

)  that  the  star  in  the  Swan,  on  its  first  appearance, 
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was  of  the  1st  magnitude.  Kepler  even  calls  it  parra 
Cjgni  Stella^  and  everprhere  describes  it  as  of  the  3rd 
magnitude.  He  determines  its  position  in  IL  A.  300^46'; 
Decl.  86°52' :  (therefore-  for  1800)  K  A.  802*^6'; 
Decl.  +  37°27^).  The  star  decreased  in  brightness^  espe- 
cially after  1619^  and  disappeared  in  1621.  Dominique 
Gassiui  (see  Jacques  Cassini^  El^mens  d'Astr.  p.  69)  saw 
it  again  attain  the  Srd  magnitude  in  1655^  and  then  dis- 
appear. Hevelius  observed  it  again  in  November  1665 : 
at  first  very  small^  then  larger^  but  without  reattaining 
the  Srd  magnitude.  Between  1677  and  1682  it  was 
already  only  of  the  6th  magnitude^  and  so  it  has  re- 
mained. Sir  John  Herschel  places  it  in  the  list  of 
"  variable^'  stars,  but  Argelander  does  not. 

8.  Next  to  the  star  in  Cassiopeia^  in  1572^  the  new  staff 
which  has  gained  the  greatest  celebrity  is  that  which  9jh 
peared  in  Ophiuchus  in  1604.  (E.  A.  259°  42',  and  South 
Decl.  2L°  15'  for  1800).  With  each  of  these  two  stars 
a  great  name  is  connected.  The  star  in  the  right  foot  of 
Ophiuchus  was  first  seen,  not  by  Kepler  himself  but  by 
his  pupil,  the  Bohemian  John  Brunowski,  on  the  10th 
of  October  1604;  being  then  ^^  brighter  than  any  star  of 
the  first  magnitude,  larger  than  Jupiter  and  Saturn,  but 
not  so  large  as  Yenus.^'  Herlicius  claims  to  have 
observed  it  on  the  27th  of  September.  Its  brightness 
was  inferior  to  that  of  the  Tychonian  star  of  1572,  nor 
was  it  seen,  like  the  latter,  in  the  day-time;  but  its  scin- 
tillation was  much  stronger,  and  especially  excited  the 
astonishment  of  all  observers.  As  sparkling  is  always 
connected  with  dispersion  of  colour,  much  is  said  of  its 
coloured  and  continually  changing  light.  Arago  ( Anniudre 
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pour  1884,  p.  299-301 ;  and  Ann.  pour  1842,  p.  345- 

847),  has  already  called  attention  to  the  fact,  that  Kepler's 

star  did  not  change  colour  after  long  intervals  like  the 

Tychonian  star,  which  was  first  white,  then  yellow,  red, 

aad  again  white.     Kepler  says  decidedly,  that  his  star,  as 

floon  as  it  had  risen  above  terrestrial  vapours,  was  white. 

If  he  speaks  of  the  colours  of  the  rainbow,  it  is  in  order  to 

give  a  dear  idea  of  the  coloured  scintillation, — "  exemplo 

adamantis  multanguli,  qui  Solis  radios  inter  convertendum 

ad  spectantium  oculos  variabili  fulgore  revibraret,  colores 

Iridisfstella  nova  inOphiucho)  successive  vibratu  continuo 

ttciprocabat.^'     (De  Nova  Stella  Serpent.,  p.  5  and  125.) 

In  the  beginning  of  January  1605,  the  star  was  still 

brighter  than  Antares,  but  not  so  bright  as  Arcturus. 

At  the  end  of  March  of  the  same  year  it  was  described  as 

of  the  8rd  magnitude.     The  proximity  of  the  sun  prevented 

all  observations  for  four  months.     Between  February  and 

March  1606  it  disappeared,  without  leaving  any  trace. 

The  inaccurate  observations  of  the  ^^  great  changes  of 

position  of  the  new  star*'  of  Scipio  Claramontius  and  the 

geographer  Blaeu  or  Blaew,  as  Jacques  Cassini  has  already 

'emarked  (Elem.  d'Astron.  p.  65),  scarcely  deserve  to  be 

Jnentioned,  as  they  have  been  refuted  by  the  more  certain 

observations  of  Kepler.  The  Chinese  notices  of  Ma-tuan-lin 

8peak  of  a  phenomenon  which,  in  point  of  time  and  of 

position,  has  some  resemblance  to  the  appearance  of  tlie 

"^  star  in  Ophiuchus.   On  the  30th  of  September,  1604, 

^bere  was  seen  in  China,  not  far  from  t  Scori)ii,  a  reddish 

ydlow  (globe-large)  star.     It  shone  in  the  South  West 

^til  November  of  the   same  year,  when  it  became  in- 

^le.    It  appeared  on  the  14th  of  January,  1605,  in  the 

VOL.  in.  H 
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South  East,  but  ''  darkened"  a  little  ia  March  1606. 
(Connaissance  des  temps  pour  1846,  p.  59) .  The  localitji 
v  Scorpii,  might  easily  have  been  confounded  with  the 
foot  of  Ophiuchus,  but  the  expressions  South  West  and 
South  East,  the  reappearance,  and  the  circumstanoe  of 
no  mention  being  made  of  the  final  complete  disappeannce 
of  the  star,  leave  the  identity  doubtful. 

t.  Also  from  Ma-tuan-lin^s  notices:  a  star  of  con- 
siderable magnitude,  seen  in  the  South  West ;  all  more 
circumstantial  details  are  wanting. 

u.  Discovered  by  the  Carthusian  Monk  Anthehne,  cm 
the  20th  of  June,  1670,  in  the  head  of  Vulpes  (R  A. 
294^  27' ;  Decl.  26°  47'),  not  far  from  /3  Cygni.    When 
it  first  shone  out  it  was  not  of  the  1st  but  of  the  8id 
magnitude.    It  disappeared  at  the  end  of  three  monthsi 
but  shewed  itself  on  the  17th  of  March,  1671,  being  then 
of  the  4th  magnitude.     Dominique  Cassini  observed  it 
diligently  in  April  1671,  and  found  its  light  very  vanable. 
The  new  star  was  expected  to  have  returned  to  its 
original  brightness  at  the  end  of  about  ten  months,  bnt 
it  was  sought  in  vain  in  February  1672,  and  did  not 
appear  until  the  29th  of  March  in  that  year,  and  then 
only  of  the  6th  magnitude,  and  has  never  been  seen  since. 
(Jacques   Cassini,   Elemens  d* Astronomic,   p.   69-71.) 
These  phenomena  induced  Dominique  Cassini  to  seek  for 
stars  never  before  seen  (by  him!).     He  states  that  he 
found  14  such  stars,  of  the  4th,  5th,  and  6th  magnitudes 
(8  in  Cassiopeia,  2  in  Eridanus,  and  4  near  the  North 
Pole).     Erom  the  absence  of  precisely  assigned  positioiui^ 
and  as,  moreover,  like  those  found  by  Maraldi  between 
1694  and  1709,  they  are  in  other  respects  more  than 
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doabtfol^  I  do  not  inclade  them   iu  the  present  list. 

(Jacques  Cassini,  E16m.  d'Astrou.  p.  73-77 ;  Delambre, 

Hist,  de  rAstr.  mod.  T.  ii.  p.  780.) 

r.  Since  the  appearance  of  the  new  star  in  Vulpes^ 
178  years  had  passed  without  any  similar  phenomenon 
having  presented  itself^  although  in  this  long  interval  the 
heavens  had  been  most  carefully  examined  by  the  combi- 
nation of  a  more  diligent  use  of  telescopes^  and  comparison 
with  improved  9l»r-catalogues.  On  the  28th  of  April, 
1848,  in  the  private  Observatory  of  Mr.  Bishop  (South 
Villa,  Eegenfs  Park),  Mr.  Hind  made  the  imjiortant 
discovery  of  a  new  star  of  the  5th  magnitude  in  Ophiuchus, 
of  a  reddish  yellow  colour :  E.  A.  16h.  50m.  59s. ;  South 
Decl.  12°  89'  16"  for  1848.  In  the  case  of  no  other 
newly-appeared  star  have  the  novelty  of  the  phenomenen 
and  the  invariabihty  of  position  been  more  certainly  and 
accurately  shown.  It  is  now  (1850)  barely  of  the  11th 
magnitude,  and,  according  to  Lichtenberg's  diligent  ob- 
servation, is  probably  near  its  time  of  vanishing.  (Notices 
of  the  Astr.  Soc.  Vol.  viii.  pp.  146  and  155-158.) 

The  above   enumeration  and  description   of  new  stars 

'Which  have  appeared  and  disappeared  within  the  last  2000 

years  are  perhaps  somewhat  more  complete  than  any  which 

bave  been  given  previously.     It  may  justify  some  genera) 

considerations.     We  distinguish  three  kinds  of  phenomena : 

-Hiew  stars,  which  suddenly  shine  forth,  and  vanish  again 

•ftcr  a  greater  or  less  interval  of  time ; — stars  whose  brightness 

is  subject  to  an  already  determinable  periodical  variability ; — 

*nd stars  which,  like  v  Argus,  show  at  once  an  extraordinarily 

'JMsreasing  and  an  irregularly  varying  brightness.    All  these 
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three  phenomena  are  probably  intimately  allied.  The  new 
star  in  Cygnus  (1600),  which,  after  entirely  disappearing, 
(to  the  unassisted  eye,  it  must  be  remembered),  reappeared 
and  remained  as  a  star  of  the  6th  magnitude,  leads  as  to 
recognise  the  affinity  between  the  two  first  kinds  of  celestial 
phenomena.  The  celebrated  Tychonian  star  of  1573  was 
believed,  while  its  light  still  shone,  to  be  identical  with  the 
new  star  of  945  and  1 264.  The  period  of  S(iO  years  sor- 
mised  by  Goodricke  (the  intervals  betweei^  the  epochs  of  the 
phenomena,  which  are  perhaps  not  very  certain,  are  31 9  and 
808  years),  is  reduced  by  Keill  and  Pigott  to  150  yea». 
Arago  (271 )  has  shewn  how  improbable  it  is  that  Tycho  Brahe*8 
star  (1572)  should  belong  to  the  class  of  periodically  varying 
stars.  Nothing  as  yet  would  appear  to  justify  our  r^arding 
all  newly  appeared  stars  as  variable  in  periods  of  long,  and 
therefore  unknown,  duration.  If,  for  example,  we  r^ard  the 
self-luminosity  of  all  the  suns  in  the  firmament  as  the 
results  of  electro-magnetic  processes  in  their  respective 
photospheres,  we  may  (without  assuming  local  and  tem- 
porary condensations  of  the  "  celestial  air,^'  or  the  intervention 
of  cosmical  clouds)  imagine  this  luminous  process  to  take 
place  in  various  manners,  either  once  only  or  periodically, 
and  eit»^er  regularly  or  irregularly  in  respect  to  the  time  of 
recurrence.  The  electric  luminous  processes  of  our  ter- 
restrial globe,  whether  presenting  themselves  to  us  as  thunder- 
storms in  the  atmosphere,  or  as  polar  effluxes,  with  much 
seemingly  irregular  variability,  do  yet  often  shew  also  i 
certain  periodicity  dependant  on  the  seasons  of  the  year  and 
the  hours  of  the  day.  We  may  even  often  trace  this  peri- 
odicity in  the  formation,  for  several  successive  days,  and  in 
an  otherwise  perfectly  serene  sky,  of  small  clouds  at  the  same 
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I^Brt  of  the  heavens,  as  is  shewn  by  the  frequently  recurring 

^Wilure  in  observations  of  the  culmination  of  particular  stars. 

The  circumstance  that  almost  all  have  shone  forth  at  first 

'^^'th  great  intensity  of  light  as  stars  of  the  first  magnitude, 

^nd  even  scintillating  more  brilliantly,  and  that  they  are 

i^ot  seen  (by  the  naked  eye  at  least)  to  increase  gradually  in 

brightness,  appear  to  me  peculiarities  well  deserving  of 

sr^ord.     Kepler  (^7^)  attended  so  much  to  this  as  a  crite* 

zrion,  that  he  confuted  the  vain  pretension  of  Antonius  Lau- 

rentinus  Politianus,  who  claimed  to  have  seen  the  star  in 

Ophiuchus  ( 1 604)  before  it  had  been  seen  by  Brunowski,  by 

tJaid  fact  of  Laurentinus  having  said — "  Apparuit  nova  stella 

parva^  et  postea  de  die  in  diem  crescendo  apparuit  lumine 

rion  multo  inferior  Venere,  superior  Jove."     Only  three 

stars  are  known  (and  these  may  be  viewed,  tlierefore,  as  ex- 

o^)tional  instances)  which  did  not  shine  forth  at  first  as 

stars  of  the  first  magnitude :  viz.  two  of  tlie  3rd  magnitude, 

one  in  Cygnus  in  1600,  and  one  in  Vulpes  in  1670  ;  and 

Hind's  new  star  of  the  5th  magnitude  in  Ophiuchus  in  1848. 

It  is  much  to  be  regretted,  as  we  have  already  remarked, 

tliat  in  the  long  interval  of  178  years  which  have  elapsed 

since  the  invention  of  the  telescope,  only  2  new  stars  have 

been  seen;  whereas  these  phenomena  have  been  sometimes 

80  comparatively  frequent,  that  at  the  close  of  the  fourth 

century  4  took  place  in  24  years,  in  the  thirteenth  century 

8  in  61  years,  and  at  the  end  of  the  sixteenth  and  beginning 

^  the  seventeenth  centuries  (in  the  period  of  Kepler  and 

•l^cho  Brahe),  6  were  observed  in  37  years.      In  all  these 

numerical  statements  I  take  into  account  the  Chinese  obser- 

^ons  of  "  extraordinary  stars,''  the  greater  part  of  which 

^  r^rded  by  our  most  distinguished  astronomers  as 
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worthy  of  confidence.     If  the  question  be  asked  why,  among 
the  new  stars  which  have  been  seen  in  Europe,  that  of  Kep- 
ler in  Ophiucus  may  possibly  be  indicated  in  Ma-tuan-lin's 
notices,  but  that  of  Tycho  Brahe  in  Cassiopeia  (1572) 
certainly  is  not  so,  I  can  no  more  explain  the  reason  of 
such  a  circumstance  as  an  isolated  fact,  than  I  can  explain, 
for  example,  why  the  great  luminous  phenomenon  seen  in 
China  in  February  1578  is  not  mentioned  by  European  ob- 
servers of  that  period.     The  difiference  of  longitude  (114^ 
could  only  explain  invisibility  in  a  few  cases.     Those  who 
have  occupied  thenfselves  with  similar  inquiries  know  tha^ 
the  circumstance  of  events,  either  in  politics  or  in  nator^^ 
either  on  the  earth  or  in  the  skies,  not  being  noticed,  is  not 
always  a  proof  of  their  not  having  occurred ;  and  if  we  com* 
pare  together  the  three  different  Chinese  lists  of  stars  in 
Ma-tuan-lin,  we  shall  also  find  that  comets  [ea:.  gr,  those  o/ 
1385  and  1495)  which  are  contained  in  the  one  list  are 
wanting  in  the  others. 

Older  astronomers,  Tycho  Brahe  and  Kepler,  as  well  M 
modern  ones.  Sir  John  Herschel  and  Mr.  Hind,  have  caDed 
attention  to  the  circumstance,  that  by  far  the  greater  nuu 
ber  (I  find  four-fifths)  of  all  the  new  stars  which  have  been 
described  either  in  Europe  or  in  China  have  appeared  in  of 
near  the  Milky  Way.  If,  as  is  more  than  probable,  fl» 
mild  nebulous  light  of  the  annular  sidereal  strata  of  the 
galaxy  proceeds  solely  from  a  simple  aggregation  of  tdo- 
scopic  stars,  Tycho  Brahe^s  hypothesis  of  the  formation  of 
new  fixed  stars  by  a  globular  condensation  of  the  celcatial 
vapour  falls  to  the  ground.  What  may  be  effected  by  foro* 
or  powers  of  attraction  in  crowded  sidereal  strata  or  flW" 
clusters,   supposing  them  to  rotate  round  central  nnctai 
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cannot  be  here  determined^  and  belongs  rather  to  the  my* 
ihical  department  of  Astrognosy.     Of  the  21  new  stars 
enumerated  in  the  list  above  given^  5  (those  of  134^  393^ 
iil,  1203^  andl584)  appeared  in  the  constellation  Scorpius ; 
S  (those  of  045^   lZ64ij   and   1572)    in   Cassiopeia   and 
Gepheus;  and  4  (those  of  123,  1230,  1604,  and  1848)  in 
Opbiachos.    On  one  occasion,  however,  a  new  star  (that  of 
the  Monk  of  St.  Galle  in  1012)  appeared  very  far  from  the 
Milky  Way,  or  in  Aries.     Kepler  himself,  who  considered 
the  star  which  Fabricius  described  as  shining  forth  in  the 
neck  of  the  Whale  in  1596,  and  as  having  disappeared  from 
▼iew  in  October  of  the  same  year,  to  be  really  a  new  star, 
yet  gives  its  position  as  a  reason  to  the  contrary.    (Kepler 
de  Stella  Nova  Serp.  p.  112.)     Ought  the  comparative  fre- 
quency of  these  plisenomena  in  the  same  constellations  to 
lead  us  to  infer  that,  in  certain  directions  in  space,  for  ex- 
ample, in  those  in  which  we  see  the  stars  of  Scorpius  and 
Cassiopeia,  the  conditions  of  this  kindling  or  beaming  forth 
are  peculiarly  favoured  by  local  conditions  or  relations? 
Are  there  situated  in  these  directions  rather  than  in  any 
others  such  celestial  bodies  as  are  peculiarly  adapted  for 
explosive  luminous  processes  of  short  duration? 

The  luminosity  was  briefest  in  the  stars  of  the  years 
SS9,  827,  and  1012.  In  the  star  corresponding  to  the  first 
of  these  dates  it  lasted  3  weeks,  in  the  second  4  weeks,  and 
JJi  the  third  3  months.  On  the  other  hand,  Tycho  Brahe^s 
ibr  in  Cassiopeia  shone  for  1 7  months,  and  Kepler's  in 
Cygmis  (1600)  was  fully  2 1  years  before  it  disappeared.  It 
tttppeaied  in  1655,  being  then,  as  on  its  first  appearance, 
^the  3rd  magnitude,  whence  it  declined  to  the  6th;  but. 
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according  to  Argelander^s  observations^  it  is  not  to  be  ranked 
in  the  class  of  periodically  variable  stars. 

The  careful  consideration  and  enumeration  of  vanished 
stars^  or  stars  which  are  supposed  to  have  disappeared^  are 
important  in  respect  to  the  research  for  the  great  number  of 
small  planets  which  are  probably  belonging  16  our  solar 
system ;  but  notwithstanding  the  exactness  of  the  modem 
registration  of  telescopic  fixed  stars^  and  of  our  modem  star- 
maps,  very  great  care  is  still  required  for  the  attainment  of 
full  certainty  and  conviction,  that  any  particular  star  has 
actually  disappeared  from  the  heavens  within  any  definite 
period.  Errors  of  observation,  of  reduction,  or  of  the 
press,  (273)  often  disfigure  the  best  catalogues.  The  disap- 
pearance of  a  celestial  body  from  the  place  where  it  had 
certainly  been  seen  before,  may  be  occasioned  either  by  its 
having  moved  from  thence,  or  by  the  luminous  process  on 
its  surface  or  in  its  photosphere  being  so  far  enfeebled,  that 
the  luminous  undulations  no  longer  suf&ciently  stimulate  oar 
visual  organs.  What  we  no  longer  see  has  not  on  that 
account  ceased  to  exist.  The  idea  of  the  '^  destruction"  oi 
the  "  burning  out''  of  stars  which  are  graduaUy  becoming 
invisible,  belongs  to  the  Tychonian  period.  Pliny  also,  in 
the  fine  passage  upon  Hipparchus,  asks :  ''  Stellse  an  obirent 
nascerenturve  ?"  The  continual  apparent  change  in  the 
Universe,  such  as  the  disappearance  of  what  was  before  seen, 
is  not  annihilation,  but  only  the  transition  of  material  sub- 
stances into  new  forms,  or  into  compositions  dependent  on 
new  processes.  Dark  cosmical  bodies  may  suddenly  shine 
forth  afresh  by  a  renewed  luminous  process. 
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Since  all  is  in  motion  in  the  cdestial  canopy^  and  all 
things  are  variable  in  space  and  in  time^  we  are  led  by  ana- 
logy to  conjecture^  that  as  the  fixed  stars  have  all  not  merely 
an  apparent  motion^  but  also  a  proper  motion  of  their  own, — 
80  also  their  surfeuses  or  luminous  atmospheres  may  be  gene- 
rally subject  to  changes,  which,  in  the  case  of  the  greater 
nombear  of  these  cosmical  bodies,  may  occur  in  exceedingly 
kmg,  and  therefore  unmeasured,  and  perhaps  indeterminable, 
periods ;  while,  in  the  case  of  a  few,  they  may  take  place 
vitihout  being  periodical,  as  by  a  sudden  revolution,  and  for 
a  longer  or  shorter  continuance.    The  latter  class  of  phse- 
Bomena,  of  which  a  remarkable  example  is  presented  in  our 
own  days  by  a  large  star  in  the  Ship  (i|  Argus),  will  not  be 
discnssed  in  this  place,  where  we  are  about  to  consider  only 
stars  variable  within  periods  which  have  already  been  inves- 
tigated and  measured.     It  is  important  to  distinguish  from 
each  other  three  great  sidereal  phsenomena,  of  which  the 
connection  has  not  yet  been  recognised  :  viz.  variable  stars 
of  known  periodicity;  the  blazing  forth  of  what  are  called 
new  stars ;  and  sudden  changes  of  light  in  long-known  fixed 
stars,  which  had  previously  always  shewn  a  uniform  inten- 
sity.   I  propose  at  present  to  dwell  exclusively  on  the  first- 
named  form  of  variability,  of  which  the  earliest  accurately 
observed  example  (1638)  is  furnished  by  Mira  Ceti,  a  star 
in  the  neck  of  the  Whale.     David  yabricius,  a  minister  of 
the  church  in  East  Friesland,  and  the  father  of  the  disco- 
verer of  the  solar  spots,  had,  it  is  true,  already  observed  this 
^  as  of  the  3rd  magnitude,  on  the  13th  of  August,  1696, 
^d  had  noticed  its  disappearance  in  October  of  the  same 
y^«    But  the  alternately  recurring  change  of  Ught,  or  the 
P^odical  variability  of  the  star,  was  not  discovered  until 

H  2 
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forty-two  years  later,  by  a  Professor  of  Franeker,  JohaDQ 
Phocylides  Holwarda.  This  discovery  was  followed  in  the 
same  century  by  that  of  two  other  variable  stars :  /3  Persei 
(1669),  described  by  Montanari,  and  x  Cygni  (1687),  de- 
scribed by  Kirch. 

The  increased  number  of  stars  of  this  class  which  have 
been  observed  since  the  beginning  of  the  present  century, 
and  the  irregularities  which  have  been  remarked  in  their 
eriods,  have  excited,  in  the  highest  degree  the  interest  which 
is  taken  in  this  very  complicated  group  of  phenomena. 
Prom  the  difficulty  of  the  subject,  and  my  earnest  desire  that 
in  this  work  the  nmnerical  elements,  as  the  most  important 
fruit  of  all  observation,  should  be  given  as  they  are  afforded 
by  the  most  recent  investigation,  and  according  to  the  actual 
state  of  our  knowledge,  I  have  requested  the  kind  aid  of 
the  astronomer  who,  among  our  cotemporaries,  has  devoted 
himself  with  the  greatest  activity  and  the  most  brilliant  suc- 
cess to  the  study  of  periodically  varying  stars.  I  laid  before 
my  kind  friend  Argelander,  Director  of  the  Astronomical 
Observatory  at  Bonn,  in  the  fullest  confidence,  the  doubts 
and  questions  to  which  my  own  inquiries  had  given  occa- 
sion ;  and  I  am  indebted  solely  to  his  manuscript  oommn- 
nications  for  what  follows,  great  part  of  which  has  not  yet 
been  othentise  published. 

The  greater  number  of  variable  stars  are  red  or  reddish, 
but  by  no  means  all.  So,  for  example,  besides  fi  Perse 
(Algol  in  the  head  of  Medusa),  fi  Lyrse  and  t  Aurigse  have 
also  white  light,  rj  Aquilse  is  somewhat  yellowish;  and  so, 
in  a  still  less  degree,  is  l^  Geminorum.  The  statement  for- 
merly made,  that  some  variable  stars,  and  particularly  Mira 
Ceti,  were  redder  while  their  brightness  was  diminishing  than 
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while  it  WB8  inoreasiiig,  appears  unfounded.  Whether  in  the 
doable  star  a  Uerculis^  in  which  Sir  William  Hershchel  calls 
the  large  star  red,  and  Struve  calls  it  yellow  and  its  compa- 
nion dark-blue^  this  small  companion  which  is  estimated  from 
the  5th  to  the  7th  magnitude,  be  itself  also  variable,  appears 
very  problematical.   Struve  (*^*)  himself  says  only  "  suspicor 
minorem  esse  vanabilem.'^      Variability  is  by  no  means 
iltached  to  redness  of  colour.     There  are  many  red,  and 
some  very  red,  stars,  as  Arcturus  and  Aldebaran,  in  which, 
Utherto,  no  variation  has  ever  been  observed ;  and  the  ex- 
iiiaioe  of  any  variability  in  a  star  in  Gepheus  (No.  7582  of 
the  Catalogue  of  the  British  Association), — which,  on  account 
rfits  extraordinary  redness,  was  called  by  William  Herschel, 
itt  1782,  the  Ghomet — ^is  more  than  doubtful. 

It  is  difficult  to  say  exactly  what  ought  to  be  regarded 
^  the  whole  known  number  of  periodically  variable  stars, 
l^ecause  the  periods  which  have  already  been  deduced  are  of 
^ery  unequal  degrees  of  certainty.  The  two  variable  stars 
^  Pegasus,  as  well  a  Hydrse,  e  Aurigse,  and  a  Cassiopeise, 
We  not  the  same  certainty  as  Mira  Ceti,  Algol,  and 
^  Cephei.  In  drawing  up  a  table,  therefore,  the  question 
arises,  what  d^ee  of  certainty  is  to  be  regarded  as  suffi- 
cient. As  will  be  seen  in  the  general  table  at  the  close  of 
this  investigation,  Argelandef  reckons  the  number  of  satis- 
fectorily  determined  periods  at  only  24.  (^75) 

We  have  seen  that  the  phsenomenon  of  variability  belongs 
to  some  white  stars  as  well  as  to  red  ones,  and  it  is  also 
foimd  to  exist  in  stars  of  very  different  magnitudes :  for 
example,  in  one  star  of  the  1st  magnitude,  a  Orionis ;  in 
Mira  Ceti,  a  Hydrse,  a  Cassiopeia,  and  /3  Pegasi,  all  of  the 
2iid magnitude;  P  Persei,  2*3  magnitude;  and  in  i;  Aquilse 
wid  3  Lyr»,  3*4  magnitude.    There  are  also,  and  in  much 
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greater  number^  variable  stars  of  the  6th  to  the  9th  mag- 
nitudes, as  the  Variabiles,  Coronse,  Virginis,  Cancri,  and 
Aquarii.  The  maximum  of  the  star  x  Cjgni  undergoes 
great  fluctuations. 

That  variable  stars  are  very  irregular  in  their  periods  had 
long  been  known;  but  that  in  the  midst  of  this  apparent  ir* 
regularity  their  variations  are  yet  subject  to  definite  laws, 
has  for  the  first  time  been  made  out  by  Ai^lander.  He 
hopes  to  demonstrate  the  truth  of  his  views  in  this  respect 
in  detail  in  an  extensive  treatise  devoted  expressly  to  the 
subject.  He  now  considers  that  two  perturbations  in  the 
period  of  x  Cygni,  one  of  100  and  the  other  of  8*5  single 
periods,  are  more  probable  than  one  of  108.  Whether  such 
disturbances  originate  in  alterations  in  the  limiinous  process 
going  on  in  the  atmosphere  of  the  star,  or  in  the  period  of 
revolution  of  a  planet  revolving  round  the  fixed  star  or  sun 
X  Cygni,  and  affecting  the  form  of  its  photosphere  by  at- 
traction, remains  indeed  still  uncertain.  The  greatest  ir- 
regularities in  the  variation  of  lustre  are  certainly  presented 
by  the  star  "  Variabilis  Scuti"  in  Sobieski's  Shield,  as  this 
star  sometimes  diminishes  from  5*4m.  down  to  9m.  and 
once,  according  to  Pigott,  disappeared  entirely  at  the  end  of 
the  last  century.  At  other  times  its  fluctuations  have  only 
been  between  6*5m.  and  6m.  '  The  maximum  brightness 
observed  in  x  Cygni  has  varied  between  6'7m.  and  4m., 
and  that  of  Mira,  between  4m.  and  2*lm.  On  the 
other  hand,  ^  Cephei  has  shewn  in  the  length  of  its  periods 
an  extraordinary  degree  of  regularity,  greater  than  in  any 
other  variable  star,  as  has  appeared  by  87  minima  observed 
between  the  10th  of  October,  1840,  and  the  8th  of  January, 
1848,  and  others  still  more  recent.  In  £  Aurigae  the  alte- 
ration of  brightness,  (^76)  ^g  found  by  an  indefatigable  ob- 
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senrer,  Heis  at  Aix  la  Chapelle^  is  only  from  the  3*4m.  to 
Hie  4*5  magnitude. 

Mira  Geti  shews  great  difier^ces  of  maximwn  brightness : 
for  example^  on  the  6th  of  November^  1779^  it  was  only  a 
little  inferior  to  Aldebaran^  and  it  iias  not  infireqaentlj  been 
blighter  than  stars  of  the  2nd  magnitude ;  whilst  at  other 
times  it  has  not  even  attained  the  brightness  of  i  Ceti^  which 
is  of  the  4th  magnitude.  Its  mean  brightness  is  equal  to 
that  of  y  Ceti  (Srd  magnitude).  If  we  represent  the  light 
of  the  faintest  star  visible  to  the  naked  eye  by  0^  and  that  of 
Aldebaran  by  50^  then  Mira  has  fluctuated^  in  its  maximum^ 
between  20  and  47.  Its  probable  brightness  would  be  ex- 
p^ssed  by  30^  and  it  is  oftener  below  than  above  this  limit ; 
when  it  exceeds  it^  however^  the  excess  is  much  greater  in 
unoont  than  is  the  defect  when  it  falls  below  it.  No  de- 
cided period  in  these  oscillations  has  yet  been  discovered^  but 
there  are  indications  of  a  period  of  40^  and  of  one  of  1 60  years. 

The  periods  of  variation  differ  in  different  stars  as  much 
1 :  250.  The  period  of  /3  Persei  of  68  hours  49  minutes  is 
unquestionably  the  shortest,  supposing  that  of  Polaris,  of 
less  than  2  days,  not  to  be  confirmed.  Next  to  /3  Persei 
follow  successively  B  Cephei  (5d.  8h.  49m.),  »y  Aquilae 
(U.  4h.  14m,),  and  (  Geminorum  (lOd.  3h.  35m.)  The 
variable  stars  of  which  the  period  has  the  longest  duration  are  : 
SO  Hydree  Hevelii,  495  days  ;  x  Cygni,  406  days ;  Variabilis 
Aquarii,  388  days ;  Serpeutis  S.  367  days ;  and  Mira  Ceti, 
832  days.  In  several  variable  stars  it  is  certain  that  the 
light  increases  more  rapidly  than  it  decreases:  this  phe- 
nomenon shews  itself  in  the  most  striking  manner  in 
^  Cephei.  Other  stars  have  equal  times  of  increasing  and 
decreasing  light  {ex.  gr.  p  Lyrse).  A  difference  in  this 
respect  is  sometimes  found  in  the  same  star.     As  a  general 
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rule^  Mira  Ceti  (like  i  Gephei)    increases  faster  tha&  i 
decreases  ;  but  the  contraiy  has  also  been  observed. 

In  regard  to  periods  which  are  themselves  sabjeot  to  i 
periodical  variation^  we  find  such  decidedly  in  Algd^ 
Mira  Ceti^  and  fi  Lyrse^  and  with  much  probability  ia 
X  Cygni.  The  decrease  of  the  period  of  Algol  is  not 
undoubted.  Goodricke  did  not  find  it^  but  Ai^elander  hii 
done  80^  having  in  1842  been  able  to  compare  above  100 
well-assured  observations^  of  which  the  extremes  are  abon 
58  years  apart^  comprising  7600  periods.  (Schumachei^i 
Astr.  Nachr.  No  472  and  62,4s.)  The  decrease  of  duration 
becomes  more  and  more  sensible.  (^77)  For  the  periods  rf 
maximum  in  Mira  (taking  in  the  maximum  of  brightnM 
observed  by  Fabricius  in  1596),  Argelander  has  givea  • 
formula  (^78)  by  which  all  the  maxima  can  be  so  deduoed 
that  the  probable  error  in  a  mean  period  of  381d.  8h.  doei 
not  exceed  7  days,  whereas  on  the  assumption  of  a  mnfcDB 
period  it  would  be  15  days. 

The  double  maximum  and  minimum  of  p  Lyrse,  in  eai 
of  its  periods  of  almost  13  days,  were  already  very  coirddlj 
recognised  in  1784  by  the  discoverer  Goodricke,  but  hiW 
been  placed  still  more  beyond  doubt  by  the  most  recent  ob-  - 
servations.  (^79)  It  is  worthy  of  notice,  that  this  star  attaioi 
the  same  degree  of  brightness  in  both  its  maxima,  but  at  ii* 
principal  minimum  it  is  half  a  magnitude  less  than  at  tt* 
secondary  minimum.  From  the  earliest  discovery  of  tta 
variabiUty  of  p  Lyrse  its  period  was  probably  lengtheiiiogi 
but  more  and  more  slowly,  until,  between  1840  and  1844> 
the  period  ceased  to  increase,  and  has  since  decreased.  We 
find  something  similar  to  the  double  inaximum  of  fi  Lyne  iB 
3  Cephei ;  it  has  so  far  an  inclination  to  a  second  maximum 
that  the  decrease  of  light  does  not  proceed  uniformly,  biriv 
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after  having  been  at  first  rapid>  comes  after  some  time  to  a 
standi  or  at  least  to  a  very  inconsiderable  degree  of  diminution ; 
after  which  the  decrease  suddenly  resumes  a  most  rapid  rate. 
It  is  as  if  the  attainment  of  a  second  maximum  was  inter- 
fered with. 

The  question  of  whether  there  is,  on  the  whole,  more  re- 
gularity in  variable  stars  of  very  long  than  in  those  of  very 
diort  periods,  is  one  difficult  to  answer.  The  deviations 
firom  a  uniform  period  can  only  be  taken  relatively,  i.  e.  in 
parts  of  the  period  itself.  In  order  to  begin  with  long 
periods,  x  Cygni,  Mira  Ceti,  and  30  Hydrse,  must  be  first 
considered.  In  x  Cygni,  the  deviations  from  the  most  pro- 
bable period,  on  the  assumption  of  a  uniform  variability 
(406*0634  days),  is  as  great  as  39*4  days.  Even  though  a 
part  of  this  may  be  ascribed  to  errors  of  observation,  yet 
there  wiU  still  certainly  remain  from  29  to  30  days,  or  -j^th 
of  the  whole  period.  In  Mira  Ceti,  (2^)  in  a  period  of 
881*840  days,  the  deviations  extend  to  55*5  days,  even  if  we 
leave  out  of  the  account  the  observations  of  David  Fabricius. 
It  on  account  of  errors  of  observation,  we  reduce  the  esti- 
mation to  40  days,  we  obtain  a  quotient  of  -^th,  or,  as  com- 
pared with  X  Cygni,  a  deviation  almost  twice  as  great.  In 
80  Hydrse,  which  has  a  period  of  495  days,  the  deviation  is 
certainly  still  greater,  perhaps  amounting  to  Jth.  It  is  only 
within  a  few  years,  since  1840  and  still  later,  that  the 
variable  stars  with  very  short  periods  have  been  observed 
perseveringly  and  with  due  precision ;  so  that,  in  regard  to 
them,  the  question  we  are  speaking  of  is  still  more  difficult 
of  solution.  As  far,  however,  as  experience  hitherto  can  en- 
lighten us,  the  deviations  would  appear  to  be  less  considerable. 
In  If  AquilsB  (Period  7d.4h.)  they  are  only  -jV  or  -rV^t  of  the 
whole  period ;  in  ^  Lyrse  (Period  12d.21h.)  only  -^ or  -g^th 
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but  as  yet  this  investigation  is  still  subject  to  many  uncer- 
tainties in  the  comparison  of  long  and  short  periods.     Of  ' 
^Lyrse,  from  1700  to  1800  periods  have  been  observed;  of 
Mira  Ceti,  279 ;  of  x  Cygni,  only  145. 

The  question  which  has  been  asked^  whether  stars  which 
have  long  shewn  themselves  variable  in  r^olar  periods 
cease  to  be  so^  would  appear  to  require  to  be  answered  im 
the  negative.  If  among  the  persistently  varying  stars  these 
are  some  which  shew  sometimes  a  very  great  and  sometimes 
a  very  slight  degree  of  variability  <for  example,  variabilis 
Scuti),  there  would  also  appear  to  be  others  whose  variability 
is  at  certain  times  so  small,  that,  with  our  limited  means,  we 
cannot  detect  it.  The  star  variabilis  Coronse  bor.  (No. 
5236  in  the  British  Association  Catalogue),  of  wbidi 
Pigott  recognised  the  variability,  and  which  he  observed  fw 
some  time,  belongs  to  this  class.  In  the  winter  1795- 
1 796,  this  star  was  quite  invisible :  sul)sequently  it  reappeared, 
and  its  alterations  of  light  were  observed  by  Koch.  Harding 
and  Westphal,  in  1817,  found  its  brightness  almost  constant; 
but,  in  1824,  Olbers  was  again  able  to  observe  its  change. 
Affcerwards  the  constancy  of  light  returned,  and  from  August 
1843  to  September  1845  was  observed  by  Argelander.  At 
the  end  of  the  month  of  September,  1845,  a  fresh  decrease 
began  to  take  place.  In  October,  the  star  was  no  longer 
visible  in  the  Comet- seeker :  it  reappeared  in  February  1846, 
and  in  the  beginning  of  June  it  had  again  attained  its  usual 
magnitude  (the  6th),  which  it  has  since  retained,  if  we  omit 
the  consideration  of  small  and  not  very  well  assured  fluc- 
tuations. To  this  perplexing  class  of  stars  the  one  called 
variabilis  Aquarii  also  belongs,  as  does  perhaps  Janson's  and 
Kepler's  star  in  Cygnus,  which  appeared  in  1600,  and  which 
we  hvae  already  noticed  among  ^^  New  stars.'' 
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Remarks :  by  Fr,  Argelander. 

Zero^  in  the  column  of  Tniniwiiiin^  denotes  that  the  star 
is  then  fainter  than  the  10th  magnitude.  !For  the  sake  of 
indicating,  in  a  convenient  and  simple  manner,  the  smBlIer 
variable  stars,  which  for  the  most  part  have  neither  names 
nor  other  designations,  I  have  permitted  myself  to  attach 
letters  to  them ;  and  as  the  greater  part  of  the  Greek  and 
small  Latin  alphabets  have  been  already  employed  by 
Bayer,  I  have  taken  capital  letters. 

Besides  the  stars  given  in  the  table,  there  is  an  almost 
eqnal  number  which  are  surmised  to  be  variable  becaose 
different  observers  have  assigned  to  them  different  mag- 
nitudes. But  as  such  estimations  were  only  occasional, 
and  not  made  with  great  precision,  and  as  different  ob- 
servers follow  different  principles  in  the  estimation  of 
magnitudes,  it  seems  safer  not  to  include  such  stars  until 
a  decided  variation  in  them  at  different  times  shall  ha?e 
been  found  by  the  same  observer.  This  is  the  case  with 
all  the  stars  given  in  the  above  table,  and  the  fact  of  their 
change  of  Ught  is  well  assured,  even  where  no  determination 
of  its  period  has  yet  been  possible.  The  periods  assigned 
rest,  for  the  most  part,  on  my  own  investigations  and  ex- 
aminations, both  of  older  published  observations,  and  of 
those  made  by  myself  and  still  unprinted  which  extend 
over  more  than  ten  years.  The  exceptions  will  be  stated 
in  the  following  notices. 

In  these  notices  the  positions  are  for  1850,  and  are  ex- 
pressed in  Bight  Ascension  and  Declination.  The  often- 
employed  expression,  ^ra</a^u?»,  signifies  such  a  diffeivnoe 
of  brightness  as  can  be  securely  recognised,  either  with  the 
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naked  ^e^  or^  in  stars  not  visible  to  the  naked  eye^  with 
s  Fraunhofer's  Gomet-seeker  of  24  Parisian  inches  focal 
length.  For  the  blighter  stars  above  the  6th  magnitude^ 
t  gradation  is  abont  the  10th  part  of  the  difference 
between-  two  successive  orders  of  magnitude;  for  the 
smaller  stars^  the  magnitudes  in  ordinary  use  are  con- 
aiderably  closer  together. 

1.  o  Ceti,  a.  A.  82^  57',  Decl.-8°  40';  also  called 
Mira,  on  account  of  its  wonderful  change  of  light,  the 
phenomenon  having  been  first  observed  in  this  star.     The 
periodicity  of  the  change  was  already  recognised  in  the 
second  half  of  the  17th  century,  and  Bouillaud  determined 
the  duration  of  the  period  at  883  days ;  it  was  also  found 
it  the  same  time  that  this  duration  was  sometimes  longer 
lad  sometimes  shorter,  as  well  as  that  the  light  of  the 
star,  when  at  the  greatest,  was  sometimes  brighter  and 
aometimes  fainter.  This  has  since  been  perfectly  confirmed. 
Whether  the  star  ever  becomes  quite  invisible  has  not  yet 
been  decided ;  it  has  sometimes  been  seen  of  the  11th  or 
Uth  magnitude  at  the  time  of  the  minimum,  and  at  other 
times  it  has  not  been  possible  to  see  it  with  3  and  4  feet 
telescopes.     Thus  much  is  certain,  that  it  is  for  a  long 
time  fainter  than  the  10th  magnitude.  There  are,  however, 
few  existinfy  observations  of  it  at  this  stage ;  most  obser- 
vations commencing  only  when,  being  of  the  6th  mag- 
wtude,  it  b^ins  to  shew  itself  to  the  naked  eye.      From 
that  moment  the  star  increases  in  brightness,  at  first  ra- 
pidly, then  more  slowly,  and  afterwards  more  rapidly. 
On  the  mean,  the  time  occupied  by  the  increase  of  Ught, 
uom  the  6th  magnitude  upwards,  is  50  days,  and  by  the 
d^ctease  of  light,  down  to  the  same  degree  of  brightness, 
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69  days ;  so  that  the  star  is  visible  to  the  naked  eye  for 
an  interval  of  about  four  months.  This  is^  however,  only  the 
mean  duration  of  the  star's  visibility^  which  has  sometimes 
been  augmented  to  five^  and  sometimes  diminished  to  only 
three  months.   So^  also^  the  relative  duration  of  the  increase 
and  decrease  of  light  is  subject  to  great  fluctuations^  the 
former  being  sometimes  slower  than  the  latter :  as  was 
the  case  in  1840^  when  the  star  took  62  days  to  arrive  aft 
its  greatest  brightness,  and  in  49  days  decreased  from 
thence  to  invisibility  to  the  naked  eye.    The  shortest  ob- 
served duration  of  the  increase  was  30  days,  in  1679;  the 
longest,  67  days,  in  1709.     The  decrease  lasted  longest 
in  1839,  when  it  extended  over  91  days,  and  was  shortest 
in  1660,  when  it  was  only  52  days.     Sometimes,  at  the 
time  of  its  greatest  brightness,  the  light  of  the  star 
scarcely  undergoes  any  sensible  change  in  the  course  of 
an  entire  month ;  at  other  times  an  alteration  is  distinctly 
perceptible  at  the  end  of  a  few  days.     Sometimes,  after 
the  star  has  decreased  in  brightness  for  some  weeks,  a 
suspension  of  change  for  several  days  ensues,  or  at  least 
the  decrease  becomes  scarcely  sensible :  this  was  the  case 
in  the  years  1678  and  1847. 

As  already  noticed,  the  maximum  brightness  is  by  no 
means  always  the  same.  If  we  represent  the  light  of  the 
faintest  star  visible  to  the  naked  eye  by  0,  and  that  of 
Aldebaran,  a  star  of  the  first  magnitude,  by  50,  then  the 
observed  maximum  brightness  of  Mira  has  fluctuated 
between  20  and  47,  i.  e.  between  the  brightness  of  stars 
of  the  4th  and  of  the  1st  to  the  2nd  magnitudes :  the 
mean  brightness  is  28,  or  that  of  the  star  y  Ceti.  The 
duration  of  the  period  has  been  almost  even  more  irr^olar : 
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in  the  mean  it  is  331  days  20  hours^  but  its  fluctuations 
are  as  great  as  a  month ;  for  the  shortest  time  which  has 
been  known  to  elapse  from  one  maximum  to  the  next  was 
only  306^  and  the  longest  was  367  days.     These  ii- 
regularities  become  still  more  striking  if  we  compare  the 
epochs  of  the  actually  observed  maxima  of  light  with  the 
results  which  would  be  obtained  by  calculating  them  upon 
the  assumption  of  a  uniform  period.     The  differences 
between  calculation  and  observation  amount  to  50  days ; 
and  these  differences  are  found  to  be  nearly  the  same  and 
on  the  same  ^ide  for  several  successive  years.     This  cir- 
cumstance clearly  indicates  that  the  luminous  phenomena 
are  affected  by  a  perturbation  of  long  period.     More  exact 
calculation  has  proved,  however,  that  one  perturbation  does 
not  suffice,  and  that  we  must  assume  several,  which  may 
indeed  proceed  from  the  same  cause,  one  returning  after 
11,  a  second  after  88,  a  third  after  176,  and  a  fourth 
after  264  siugle  periods.     According  to  these  assumptions 
we  may  derive  a  formula  of  sines  (^78)  \\'ith  which  the  se- 
veral maxima  now  shew  a  very  near  accordance,  although 
fliere  still  remain  deviations  which  cannot  be  explained 
^  errors  of  observation. 

2.  /3Persei,  Algol;  E.  A.  44°  36';  Decl.  +  40°  22'. 
Although  Geminiano  Moutanari  first  remarked  the  varia- 
l^ility  of  this  star  in  1667,  and  although  it  was  also  ob- 
served by  Maraldi,  yet  it  was  Goodricke  who,  in  1782, 
first  made  out  the  regularity  of  the  variations.  The 
'eason  of  this  may  very  probably  be,  that  this  star  does 
^t  increase  and  decrease  gradually,  as  do  most  of  the 
other  variable  stars,  but  for  2  days  and  13  hours  shines 
^iistantly  with  the  same  brightness  (2*a  m.),  and  only 
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shews  a  less  degree  of  light  for  between  7  and  8  hours, 
in  the  coarse  of  which  it  descends  to  the  4th  magnitude. 
The  decrease  and  increase  of  brightness  are  not  quite 
regular^  but^  proceeding  more  rapidly  near  the  minimum, 
enable  the  moment  of  least  brightness  to  be  determined 
to  within  10  or  15  minutes.  It  is  remarkable  that,  after 
increasing  in  light  for  the  space  of  an  hour,  it  remains  for 
about  the  same  time  at  almost  exactly  the  same  degree  of 
brightness,  after  which  it  again  begins  to  increase  sensibly. 
Hitherto  the  length  of  the  period  has  been  supposed  to 
be  perfectly  uniform,  and  Wurm  was  able  to  represent  all 
tlie  observations  well,  by  taking  it  at  2d.  21h.  48m.  58'd& 
A  more  exact  calculation,  with  an  interval  almost  twice  as 
great  as  that  which  Wurm  had  at  his  command,  has, 
however,  shewn  that  the  period  is  becoming  gradoalh 
shorter.  In  1784  it  was  2d.  20h.  48m.  59'4s.,  audin 
1842  only  2d.  20h.  48m.  55-2s.  The  latest  observations 
render  it  very  probable,  also,  that  this  decrease  of  the 
period  is  taking  place  more  rapidly  than  before,  so  that, 
for  this  star  also,  there  will  in  time  be  derived  a  formub 
of  sines  for  the  perturbation  of  the  period.  The  present 
shortening  of  the  period  might  be  explained  by  the  as- 
sumption, that  Algol  either  approaches  us  nearer  every 
year  by  about  2000  geographical  miles,  or  recedes  from  us 
that  quantity  less  each  year  than  the  preceding ;  as  in 
such  case  the  light  would  reach  us  each  year  as  much 
sooner  as  the  diminution  of  the  period  requires,  i.  e, 
about  12  thousandth  parts  of  a  second.  Should  this  be 
the  true  reason,  there  would  naturally  be  deduced  in  time^ 
a  formula  of  sines. 

8.  X  Cygni,  E.  A.  269^  12';  Decl.  +  32°  82'.     This 
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siar  also  shews  nearly  the  same  irregularities  as  Mira : 

(he  deviations  of  the  observed  maxima  from  the  results 

calculated  on  the  supposition  of  a  uniform  period  are  as 

much  as  40  days^  but  are  very  greatly  diminished  by  the 

introduction  of  a  perturbation  of  8}  single  periods^  and 

another  of  100   such  periods.      At  its  maximum  of 

brightness^  this  star  reaches^  on  the  mean^  a  faint  5m.^  or 

one  gradation  brighter  than  the  star  17  Cygni.     But 

Iiere  also  the  fluctuations  are  very  considerable^  and  have 

been  observed  from  13  gradations  below  the  mean  to  10 

above  it.     If  the  star  never  exceeded  the  weaker  maximum^ 

it  would  be  altogether  invisible  to  the  naked  eye,  whereas, 

in  1847,  it  could  be  seen  for  fully  97  days  without  a 

telescope ;  the  mean  duration  of  its  visibility  is  52  days, 

of  which  20  days  in  the  mean  are  occupied  by  the  increase, 

and  32  by  the  decrease. 

4.  30  Hydr«  Hevelii,  R.  A.  200°  23';  Decl.  22°  30'. 
Of  this  star,  which  from  its  position  in  tlie  heavens  can 
only  be  seen  for  a  short  time  in  each  year,  all  that  can  yet 
be  said  is,  that  both  its  period  and  its  maximum  brightness 
^  subject  to  great  irregularities. 

5.  Leonis  E=420  Mayeri;  E.  A.  144°  52',  DecL  + 
12°  7'.  This  star  has  often  been  confounded  with  the 
iieighbouring  stars  18  and  19  Leonis,  and  has  on  that 
wcount  been  very  little  observed ;  it  has,  however,  been 
sufficiently  so,  to  shew  that  the  period  is  rather  irregular, 
^"be  maximum  bnghtness  also  appears  to  fluctuate  through 
some  gradations. 

6.  n  AquilsB,  also  called  i?  Antinoi;  E.  A.  296°  12'; 
1^1+0°  37'.  The  period  of  this  star  is  tolerably 
^orm,  7d.  4h.  53m.  53s.;  but  yet  the  observations 
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shew^  that  in  longer  intervals  of  time  small  flactoations 
occur ;  not,  however,  exceeding  about  20  seconds.  The 
change  of  light  even  proceeds  with  so  much  regularity,  that 
hitherto  no  deviations  have  been  perceptible  which  may 
not  be  explained  by  errors  of  observation .  At  its  minimom 
this  star  is  a  gradation  fainter  than  e  Aquilse;  it  then 
increases,  at  first  slowly,  then  more  rapidly,  and  then 
more  slowly;  and  2d.  9h.  after  the  minimum  it  attains  its 
greatest  brightness,  when  it  is  ahnost  three  gradations 
brighter  than  i3,but  still  2  gradations  fainter  than  B  Aquils. 
The  decrease  from  the  maximum  is  less  regular,  for  when 
the  star  has  declined  to  the  brightness  of  ^,  which  it 
reaches  1  day  and  10  hours  after  the  maximum,  it  alters 
more  slowly  than  before  or  afterwards. 

7.  ^  Lyrse,  E.  A.  281°  8',  Decl.  +  33°  11';  a  remark- 
able  star,  in  having  two  maxima  and  two  minima.    At  its 
lowest  minimum  it  is  Jrd  of  a  gradation  fainter  than 
i  Lyrse ;  it  then  rises  in  3d.  5h.  to  its  first  maximum,  in 
which  it  continues  to  be  Jths  of  a  gradation  fainter  than 
y  Lyrae.     It  then  sinks  in  3d.  3h.  to  its  secondary  mi- 
nimum, in  which  its  brightness  exceeds  that  of  f  by  5 
gradations.     After  3d.  2h.  more,  it  reaches  its  second 
maximum,  when  it  has  again  the  same  brightness  as  in  the 
first,  and  then  sinks  again  in  3d.  12h.  to  its  lowest  mi- 
nimum ;  so  that  it  passes  through  its  whole  variation  of 
light  in  12d.  21h.  4.6m.  40s.     This  duration,  however, 
only  holds  good  for  the  years  1840  to  1844  :  before  that 
time  the  period  was  less;  in  1784  by  2 J  hours,  in  1817 
and  1818  by  more  than   an  hour,   and   now  there  is 
evidently  again  a  shortening  of  the  period.     No  doubt> 
therefore,  it  will  be  possible,  in  the  case  of  this  star  also. 
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to  express  the  perturbation  of  the  period  by  a  formula  of 
sines. 

8.  ^  Cephei,  E.  A.  335°  W,  Det-l.  +  57°  39'.  Is  of  Al 
known  stars  the  one  which  shews  the  greatest  regularitv 
in  all  respects.  The  period  of  5d.  Sh.  4:7m.  39 -Ss.  re- 
presents all  observations  from  1784  to  the  present  time, 
to  within  the  limits  of  errors  of  observation,  which  errors 
may  also  suffice  for  the  explanation  of  the  small  diiferenci.-' 
which  shew  themselves  in  the  march  of  the  variations  of 
light.  At  its  minimum  the  star  is  ^th  of  a  gradation 
brighter  than  c  Cephei,  and  at  its  maximum  it  is  equal  t')  i 
of  the  same  constellation ;  it  takes  Id.  15h.  to  rise  from 
the  minimum  to  the  maximum,  and  more  than  double  that 
time,  i,e.  3d.  18h.  to  return  to  the  minimum ;  after  wliich^ 
however,  it  scarcely  alters  at  all  for  eight  hours,  and  only 
quite  inconsiderably  for  an  entire  day. 

9.  a  Herculis,  E.  A.  256°  57',  Deal.  + 14°  34'.  A  n  i  y 
red  double  star,  whose  variation  of  light  is  irregular  in 
every  respect.  Often  it  scarcely  alters  at  all  for  moiitlis, 
at  other  times  it  is  five  gradations  brighter  at  its  maximum 
than  at  its  minimum,  and  hence  the  period  is  also  still 
very  uncertain.  The  discoverer  assumed  it  at  03  d-ys  ; 
I  began  by  taking  it  at  95,  until  a  careful  calculation  of 
all  my  observations  during  seven  years  gave  me  thepciiod 
^signed  in  the  text,  lleis  thinks  that  he  can  represent 
the  observations  by  a  period  of  184d.  9h.,  having  hvo 
^^laxiina  and  two  minima. 

10.  Corona  E.,  E.  A.  235°  3G',  Decl.  +  28°  37'.  This 
^  is  only  occasionally  variable ;  the  assigned  period  was 
^culated  by  Koch  from  his  own  observations,  which  are 
^fortunately  lost. 

^01.  lu.  I 
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11.  Scuti  E.,  A.  R.  279°  52',  Decl.— 5°  51'.  Sometimea 
the  fluctuations  of  the  light  of  this  star  are  comprised 
within  a  few  gradations,  whilst  at  other  times  it  sinks  firom 
the  5th  to  the  9th  magnitude.  It  has  been  still  toolitUe 
observed  to  permit  us  to  decide  whether  any  determinate 
rule  prevails  in  these  alterations.  The  length  of  the 
period  is  also  subject  to  considerable  fluctuations. 

12.  Virginis  K,  R.  A.  187°  43',  Decl.  +  7°  49'.  lis 
period  and  maximum  brightness  are  tolerably  regular,  yet 
deviations  occur  which  appear  to  me  too  large  to  be  as- 
cribed solelv  to  errors  of  observation. 

13.  Aquarii  R,  R.  A.  354°  11',  Decl.-16°  6'. 

14.  Serpentis  R,  R.  A.  235°  57',  Decl. +  15°  86'. 

15.  Serpentis  S,  R.  A.  228°  40',  Decl. +  14°  52'. 

16.  Cancri  R,  R.  A.  122°  6',  Decl. +  12°  9'. 
Respecting  these  four  stars,  observations  of  which  are 

exceedingly  scanty,  there  is  little  more  to  be  said  than  is 
given  in  the  table. 

17.  a  Cassiopeise,  R.  A.  8°  0',  Decl. +  55°  43'.  This 
star  is  very  difficult  to  observe ;  the  diflference  between 
maximum  and  minimum  only  amounts  to  a  few  gradations^ 
and  is  moreover  as  variable  as  is  the  length  of  the  period. 
The  very  different  results  assigned  for  it  are  attributable 
to  this  circumstance.  The  result  which  I  have  given  re- 
presents sufficiently  well  the  observations  from  1782  to 
1849,  and  appears  to  me  the  most  probable. 

18.  a  Orionis,  R.  A.  86°  46',  Decl. +  7°  22'.  The 
variation  in  the  light  of  this  star  from  the  minimum  to  the 
maximum  only  amounts  to  four  gradations ;  it  increases 
in  brightness  during  91 J  days,  and  decreases  during  104j-: 
its  decrease  from  the  20th  to  the  70th  day  after  the  maxi- 
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mum  is  quite  insensible.      Sometimes  its  variation  of 
light  is  still  less,  and  scarcely  noticeable.     It  is  very  red. 

19.  a  Hydra,  E.  A.  140°  3',  Decl.-8°  1'.  Is  of  all 
Yariable  stars  the  most  difficult  to  observe,  and  the  period 
is  still  quite  unassured.  Sir  John  Herschel  gives  it  at 
29  or  30  days. 

20.  e  Aurigffi,  E.  A.  72°  48',  Decl.  +  43°  36'.  Either 
fte  changes  of  light  in  this  star  are  very  irregular,  or  in 
a  period  of  several  years  there  are  several  maxima  and 
nunirna :  this  can  only  be  determined  after  a  lapse  of  many 
years. 

21.  f  Geminorum,  A.  E.  103°  48',  Decl. +  20°  47'. 
Hitherto  this  star  has  shewn  an  entirely  regular 
bourse  in  its  changes  of  light.  At  the  minimum  its 
l^rightness  is  half  way  between  v  and  v  of  the  same  con- 
steJlation,  and  at  the  maximum  not  quite  equal  to  X ;  it 
^^upies  4d.  21h.  in  increasing,  and  5d.  6h.  in  decreasing. 

22.  j3  Pegasi,  E.  A.  344°  7',  Decl. +  27°  16'.  The 
period  is  already  pretty  well  determined,  but  there  is  as 
yet  nothing  to  be  said  about  the  regularity  or  other^^ise 
of  the  variation  of  its  light. 

23.  Pegasi  E,  E.  A.  344°  47',  Decl. +  9°  43 . 

24.  Cancri  S,  E.  A.  128°  50',  Decl. +  19°  34'. 
There  is  as  yet  nothing  to  be  said  respecting  tliese  two 

stars. 

Fr.  Argelander. 
Bonn,  August  1850. 

In  the  scientific  investigation  of  important  natural  phc- 
^ODaena,  whether  in  tlie  telluric  or  in  the  sidereal  sphere  of 
tne  CJosmos,  prudence  commands  us  not  to  be  too  hasty  in 
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linking  together  phenomena  whose  immediate  causes  are 
still  veiled  in  obscurity.     For  this  reason  we  willingly  dis- 
tinguish between  newly  appeared  stars  which  have  again      | 
entirely  disappeared  (as  the  star  in  Cassiopeia  in  1572) ; 
newly  appeared   stars  which  have  not   disappeared  again 
(as  the  star  in  Cygiius,  1600) ;  variable  stars  whose  periods 
have  been   investigated  (as  Mira  Ceti,  Algol,  &c.) ;  aa.^ 
stars  whose  luminous  intensity  varies  without  our  having  ^^g 
yet.  discovered  any  periodicity  in  the  variation,  (as  ly  Argu^^), 
It  is  not  at  all  improbable,  but  it  also  by  noineans  necessar-^j 
follows,  that  these  four  kinds  of  phenomena  C^^)  arise  fr^z^m 
similar  causes  belonging  to  the  photospheres  of  those  (Bl^ij. 
iant  suns,  or  to  the  nature  of  their  surfaces. 

As  we  began  the  description  of  the  new  stars  with    the 
most  remarkable  instance  of  this  class  of  celestial  events,  t\  e. 
the  sudden  appearance  of  the  star  of  TychoBrahe, — so, guided 
by  the  same  reasons,  we  will  begin  the  description  of  the 
alteration  of  the  light  of  stars,  in  which  the  periodicity  of  the 
variation  lias  not  yet  been  investigated,  by  the  still  proceeding 
unperiodic  fluctuations  of  luminous  intensity  in  the  star     1^ 
1/  Argus.     This  star  is  situated  in  the  great  and  magnificent 
constellation  of  the  Ship,  which  is  the  '^^  glory  of  the  southeru 
heavens.^^     As  early  as  ]  677,  Halley,  on  his  return  from  his 
voyage  to  St.  Helena,  expressed  many  doubts  respecting 
change  of  light  in  the  stars  of  the  Ship  Argo,  particularly 
on  the  shield  of  the  prow  and  on  the  deck  (atrwihfftcfi  and 
icard(Trpw/xa),  whose  relative  order  of  magnitude  had  been 
given  by  Ptolemy  (^82)  .  but  from  the  uncertainty  of  the  star 
positions  of  the  Ancients,  the  many  variations  in  the  manu-     1  ^ 
scripts  of  the  Almagest,  and  the  uncertain  estimations  of     I 
luminous  intensity,  these  doubts  could  not  lead  to  any  resulte-      I  j^ 


OP  THE  COSMOS. — VAEIABLB  STARS.  1 7*3 

n  1677  Ilalley  had  found  n  Argus  of  the  4th  magnitude ; 
n  1751  Lacaille  found  it  already  of  the  2d.  Afterwards  the 
5tar  returned  to  its  earlier  fainter  intensity,  for  Burchell, 
iuring  his  residence  in  Southern  Africa  in  1811 — 1815 
Eoimd  it  of  the  4th  magnitude.  From  1822  to  1S26 
Fallows  and  Brisbane  saw  it  of  the  2nd  magnitude ;  and  in 
February  1827,  Burchell,  who  was  then  at  St.  Paul  in  Brazil, 
found  it  of  the  1st  magnitude,  and  quite  equal  to  o  Cnicis. 
After  a  year  it  returned  to  the  2nd  magnitude;  it  was 
found  so  by  BurcheU  in  the  Brazilian  town  of  Goyaz  on  tlie 
29th  February,  1828,  and  was  so  entered  by  Johnson  and 
%lor  in  their  registers  from  1829  to  1833.  Sir  John 
Herschel  at  the  Cape  of  Good  Hope  also  estimated  it  from 
1884  to  1837  at  between  the  2nd  and  1st  magnitude. 

But  on  the  16th  of  December,  1837,  when  the  last  named 
cdebrated  astronomer  was  preparing  to  make  photometric 
measurements  of  the  numberless  telescopic  stars  of  the  11th 
to  the  16th  magnitudes  which  fill  the  fine  nebula  around 
If  Argus,  he  was  astonished  at  finding  this  often  observed 
star  increased  to  such  an  intensity  of  light,  that  it  almost 
equalled  the  brightness  of  a  Centauri,  and  suq)assed  that  of 
all  other  stars  of  the  first  magnitude  except  Canopus  and 
Sinus.  It  had  attained  the  maximum  of  its  brightness  on 
that  occasion  on  the  2nd  of  January,  1838.  It  soon  became 
Winter  than  Arcturus,  but  still  surpassed  Aldebaran  in  tlu^ 
nriddle  of  April  1838.  It  went  on  decreasing  until  March 
1848,  always  continuing,  however,  to  be  a  star  of  -the  Ut 
fliagnitude,  but  we  then  find,  particularly  in  April  of  the  sani(^ 
year,  that  the  light  began  to  increase  again  to  such  a  degre^e, 
that  according  to  the  observations  of  Mackay  at  Calcutta,  and 
^f  Maclear  at  the  Cape,  v  Argus  became  brighter  than  Canopus, 
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and  even  almost  equal  to  Sirius.  (283)      It  has  retained  this 
degree  of  brightness  very  nearly  to  the  commencement  of  the 
present  year.     A  distinguished  observer^  Lieutenant  Gillifls^ 
who  has  the  command  of  the  Astronomical  Expedition  which 
the  Government  of  the  United  States  has  sent  to  the  coast  of 
Chili,  writes  from  Santiago  in  February  1850  :  "n  Argiis  with 
its  yellowish  red  light,  which  is  darker  than  that  of  Mars^  now 
comes  next  to  Canopus  in  brightness^  and  is  brighter  than 
the  united  light  of    a  Centauri."   (^w)      Since  the  ap- 
pearance of   the  new    star  in   Ophiuchus  in   1604,  no 
fixed  star  has  brightened  to  such  an  intensity  of  light,  and 
for  a  continuance  of  now  already  seven  years.    In  the  178 
years  (from   1677   to   1850)  during  which  we  have  ac- 
counts of  the  magnitude  of  this  fine  star^  it  has  under- 
gone eight  or  nine  oscillations  of  increase  and  decrease. 
It    was  a   fortunate    circumstance,  and  one    which  has 
stimulated   the    persevering   attention  of    astronomers  to 
the  phenomenon  of  a  great  but  unperiodic  variability  in 
this  star,  that  it  should  have  manifested  itself  in  the  most 
striking  manner  during  the  memorable  five  years'  expedi- 
tion of  Sir  John  Herschel  to  the  Cape  of  Good  Hope. 

Similar  variations  of  light  which  have  not  yet  been  n^ 
cognised  as  periodical  have  been  remarked  in  several  other 
instances,  both  in  isolated  fixed  stars  and  in  double  stai9 
observed  by  Struve  (Stellarum  compos.  Mensurae  miGrom^ 
p.  Ixxi. — Ixxiii.)     The  examples  which  it  may  suffice  tcF 
cite  here  are  founded  on  actual  photometric  estimation^ 
and  measurements  made  at  different  times  by  the  same 
tronomers,  and  *iot  at  all  upon  the  alphabetical  series  i 
Bayer's  Uranometry.     Argelander,  in  the  treatise  "  de  fid^ 
Uranometriae  Bayerian^,'*  1842,  in  p.  15,  has  shown  vi 
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oonvincingly  that  Bayer  did  not  follow  the  principle  of 
dways  indicating  the  brightest  stars  by  the  first  letters ;  but 
that,  on  the  contrary,  in  the  same  star-maguitude  he  distri- 
buted the  letters  in  the  order  of  position  in  such  manner 
as  to  pass  usually  from  the  head  of  the  figure,  in  each  con- 
stellation, to  its  feet.     The  alphabetical  order  of  the  letters 
employed  in  Bayer's  Uranometry  has  long  given  prevalence 
to  a  belief  in  changes  having  taken  place  in  the  light  of  a 
Aquilae,  of  Castor,  and  of  Alphard. 

Struve  (1888)  and  Sir  John  Herschel  saw  Capella  increase 
in  light.  Sir  John  Herschel  now  estimates  Capella  as 
nrnch  brighter  than  Vega,  whereas  he  formerly  always 
eonsidered  it  fainter  (^86),  Galle  and  Heis  form  tlie  same 
judgment  from  a  present  comparison  of  Capella  and  Vega  : 
Heis  considers  the  latter  star  to  be  between  five  and  six 
gradations,  or  more  than  half  a  magnitude,  faiuter  tlian 
Capella. 

The  alterations  in  the  light  of  some  stars  in  the  constella- 
tions of  the  Great  and  Little  Bear,  are  deserving  of  particular 
attention.  "The  star  i;  Ursse  majoris,^'  says  Sir  John 
Herschel,  "  is  now  certainly  the  brightest  of  the  seven  bright 
stars  in  the  Great  Bear,  whilst  in  1837  the  first  rank  belonged 
incontestably  to  t"  This  remark  occasioned  me  to  make 
inquiries  from  Heis,  who  occupies  himself  with  so  much 
^our,  and  so  extensively,  with  the  variability  of  the  light 
of  stars.  He  wrote  to  me  in  reply  to  the  following  efiect : — 
''Prom  the  mean  of  the  observations  made  by  me  at  Aix-la- 
Chapelle  from  1842  to  1850,  I  find  the  order  of  succession 
^us:  1.  c  Ursse  maj.,  or  Alioth;  2.  a  or  Dubhe;  3.  rj  or 
Benctnasch ;  4.  f  or  Mizar;  5.  |3;  6.  y ;  7.  ^.  In  respect 
to  the  differences  of  brightness  between  these  se^.  en  stars,  c. 
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a  and  v  are  nearly  equal  to  each  other ;  so  that,  when  tlic 
atmosphere  is  not  quite  clear,  their  order  of  succession  may 
ai)poar  doubtful :    i"  is  dc^cidedly  fainter  than  c,  a,  and  9. 
The  two  stars  j3  and  y,  both  sensibly  fainter  than  i,  are  almost 
c([ual  to  each  other.     Lastly,  ^,  which  in  old  maps  is  given 
as  equal  with  /3  and  y,  is  more  than  an  entire  order  of  magni- 
tude fainter  than  those  stars,   e  is  certainly  variable :  although 
usually  brighter  than  a,  I  have  five  times  in  three  years  seen 
it  decidedly  fainter  than  a.     I  also  regard  )3  Ursae  majoris 
as  variable,  but  without  being  able  to  assign  any  determinate 
period.     Sir  John  Herschel,  in  1840  and  1841,  found  j3 
Ursa3  min.  much  brighter  than  Polaris ;  whereas,  in  May 
1846,  the  contrary  was  observed  by  him.     He  surmises 
variability  in  j3  {^^^).     Since  1848,  I  have  usually  found 
Polaris  fainter  than  /3  Ursae  min. ;  but  between  October  184S 
and  July  1849  my  registers  show  that,  on  fourteen  occasions, 
Polaris  was  seen  to  exceed  ft  in  brightness.    I  have  repeatedly 
had  an  opportunity  of  convincing  myself  that  the  last-named 
star  is  not  always  equally  reddish :  it  is  sometimes  more  oT 
less  yellow,  and  sometimes  very  decidedly  red"  (^87).    All 
laborious  investigations  of  the  relative  brightness  of  star** 
will  gain  essentially  in  certainty,  when  successive  arrangemea^ 
according  to  mere  estimation  shall  be  finally  superseded  by 
methods  of  measurement  founded  on  the  progress  of  moderx* 
optical  science  (^ss)^  and  astronomers  and  physicists  ougb'^ 
not  to  doubt  the  possibility  of  attaining  such  an  object. 

Prom  the  probably  great  physical  similarity  of  the  luminous 
process  in  all  self-luminous  celestial  bodies  (in  the  central 
body  of  our  own  planetary  system,  and  in  the  remoter  suiis 
or  fixed  stars),  it  has  long  been  justly  pointed  out,  (289)  ho^ 
important  a  bearing  the  periodical  or  non-periodical  variation 
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of  light  in  stars  may  possibly  have  on  climatology  in  general, 
—on  the  history  of  the  terrestrial  atmosphere,  i.  e,  on  the 
varying  quantity  of  heat  received  in  the  course  of  ages  by  our 
planet  from  solar  radiation, — and  on  the  condition  of  organic 
life,  and  its  forms  of  development,  in  different  latitudes.     The 
variable  star,  Mira  Ceti,  changes  from  the  2d  to  the  11th 
magnitude,  and  even  to  entire  disappearance ;  and  we  have 
just  seen  that  r\  Argus  has  increased  from  the  -ith  to  the 
Ist  magnitude,  and  even  to  the  brightness  of  Canopus,  and 
almost  to  that  of  Sinus.     If  only  a  very  small  part  of  such 
alterations  of  luminous  intensity  and  radiant  heat,  either  in 
the  ascending  or  descending  scale,  should  have  taken  pli\ce 
in  our  Sun  (and  why  should  it  be  different  from  other  suns  ?), 
they  would  have  produced  more  powerful  and  even  more 
fearful  consequences  to  our  planet,  than  are  required  for  tlie 
explanation  of  all  geological  relations  and  ancient  telluric 
revolutions.     William  Herschel  and  Laplace  were  the  first 
who  called  attention  to  these  considerations.     If  I  thus  notice 
them  in  this  place,  however,  it  is  not  because  I  would  seek 
exclusively  in  them  for  the  solution  of  the  great  problem  of 
the  alterations  of  temperature  upon  our  globe.     It  may  alsa 
have  been  that  the  primitive  liigh  temperature  of  the  planet 
^tte  to  the  manner  of  its  formation  and  to  its  consolidation, — 
the  radiation  of  heat  through  deep  fissures  or  open  clefts,  and 
vems  not  yet  filled  with  metallic  ores, — more  powerful  elec- 
tric currents, — and  a  very  different  distribution  of  land  and 
^i-^may,  in  the  earlier  ages  of  our  planet,  have  rendered 
the  distribution  of  temperature  independent  of  latitude,  i.  t.\ 
of  position  relatively  to  the  Sun.     Cosmical  contemplation 
o^ght  not  to  limit  itself  by  too  partial  a  view  to  astrogiiostic 

^lations  only. 
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V. 


PKOPER    MOnOlT     OF    THE    FIXED    STARS. — ^PSOBLEMATIGAI 

EXISTENCE     OF    DARK    BODIES. — PARALLAX. MEASURED 

DISTANCE  OF  SOME  FIXED  STARS. — ^DOUBTS  CONCEBNIKO 
THE  ASSUMFHON  OF  A  CENTRAL  BODY  FOR  THE  WflOLB 
SIDEREAL  HEAVENS. 

Besides  variations  of  lamiiious  intensity^  the  heaven  of  the 
iixed  Stars^  in  contradiction  to  its  name^  also  undergoes 
variation  from  the  perpetually  progressive  motion  of  the 
several  stars.  It  has  already  been  recalled  how^  without 
the  general  equilibrium  of  the  sidereal  system  being  dis- 
turbed thereby,  no  point  in  the  entire  heavens  has  remained 
fixed,  —  how,  of  the  bright  stars  observed  by  the  most 
ancient  of  the  Greek  astronomers,  none  has  maintained  its 
position  in  space  unaltered.  In  two  thousand  years,  the 
change  of  place,  by  the  accumulated  effects  of  annual  proper 
motion,  has  amounted  in  Arcturus,  fi  Cassiopeise,  and  a 
double  star  in  Cygnus  to  spaces  corresponding  to  2^,  3i, 
and  6  diameters  of  the  moon.  At  the  end  of  three 
thousand  years,  about  20  fixed  stars  will  have  altered  their 
place  1°  and  upwards.  (*^)  As  the  proper  motions  of  fixed 
stars  which  have  been  measured  vary  from  -^th  or  '05  of  a 
second  to  7*7  seconds,  (differing,  therefore,  at  least  in  the 
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proportion  of  ]  :  lb4s),  it  follows  that  the  relative  distances 
of  the  fixed  stars^  inter  sey  and  the  configuration  of  the  con- 
stellations does  not  remain  the  same  for  long  periods.  The 
Southern  Ooss  will  not  always  shine  in  the  heavens  in  the 
same  form  which  that  constellation  now  presents^  as  the  four 
stars  of  which  it  is  composed  move  with  unequal  velocities 
in  difierent  paths.  How  many  thousand  years  may  be  re- 
quired for  the  entire  dissolution  of  the  constellation  is  not 
to  be  calculated.  In  relations  of  space  and  time^  there  is 
no  absolute  great  or  smaU.  If  we  would  embrace  in  a 
general  view  the  changes  which  take  place  in  the  heavens^ 
modifying  in  the  course  of  ages  the  ''  physionomic  character*^ 
of  the  celestial  canopy^  or  the  aspect  of  the  firmament  as 
seen  at  a  determinate  point  of  the  earth's  surface^  we  must 
^umerate^  as  efficient  causes  of  such  alteration^  (1)  the 
precession  of  the  equinoxes  and  the  nutation  of  the  earth^s 
axis^  by  the  joint  influence  of  which  new  stars  arise  above 
the  horizon^  and  others  become  invisible ;  (2)  the  periodic 
and  non-periodic  variations  of  luminous  intensity  in  many 
fixed  stars ;  (3)  the  shining  forth  of  new  stars,  some  few 
of  which  have  remained ;  (4)  the  revolution  of  telescopic 
double  stars  round  a  common  centre  of  gravity.  Amongst 
these  so-called  fixed  stars,  which  vary  slowly  and  unequally 
in  intensity  of  light  and  in  position,  ^0  planets,  and  20 
satellites  belonging  to  five  of  these  planets,  complete  their 
more  rapid  course.  Thus,  besides  the  countless  hosts  ot 
(also,  without  doubt,  revolving)  fixed  stars,  there  are  dis- 
covered up  to  the  present  time  (October  1850),  40  pknetary 
bodies.  In  the  time  of  Copernicus,  and  of  the  great  improver 
of  the  art  of  observation,  Tycho  Brahe,  only  7  were  known. 
We  might  also  have  named  here  as  planetary  bodies  almost 
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200  calculated  comets,  of  which  5  are  of  short  periods  of 
revolution^  and  interior,  i.  e.  their  paths  are  entirely  com- 
prised between  those  of  the  principal  planets.  During 
their  mostly  short  appearance,  they,  or  rather  those  amongst 
them  which  are  visible  to  the  naked  eye,  as  well  as  the  true 
planets,  and  those  bodies  which  have  suddenly  shone  forth 
as  new  stars  of  the  first  magnitude,  animate,  in  the  most 
attractive  manner,  the  already  rich  picture  of  the  sidereal 
heavens. 

The  knowledge  of  the  proper  motion  of  the  fixed  stars  is 
wholly  connected,  historically,  with  the  advances  which  have 
been  made  in  the  art  of  observing  by  the  improvement  of 
instruments  and  of  methods.  It  first  became  possible  to 
discover  these  motions  when  telescopes  were  combined  with 
graduated  instruments, — when  astronomers  were  able  pro- 
gressively to  advance  from  certainty  in  respect  to  a  minute  of 
arc  (which  Tycho  Brahe  first  succeeded,  by  the  most  strenu- 
ous endeavours,  in  giving  to  his  observations  in  the  Island 
of  Huen),  to  certainty  in  respect  to  seconds  and  parts  of 
seconds, — and  when  it  was  possible  to  compare  together  re- 
sults separated  by  a  long  series  of  years.  Such  a  comparison 
was  made  by  Halley,  who  employed  in  it  the  positions  of 
Sirius,  Arcturus,  and  Aldebaran,  as  entered  by  Ptolemy  in 
his  Hipparchian  Catalogue,  1847  years  before.  He  thought 
himself  justified  by  this  comparison  (1717)  in  announcing 
the  existence  of  a  proper  motion  in  the  three  above  named 
fixed  stars.  (^^^)  The  great  and  deserved  regard  which,  even 
long  after  Hamsteed^s  and  Bradle/s  observations,  was  paid 
to  the  Right  Ascensions  contained  in  Eiimer's  Triduum, 
incited  Tobias  Mayer  (1756),  Maskelyne  (1770),  and  Piazzi 
(1800),  to  compare  Homer's  observations  with  later  ones.(*^) 
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These  comparisons  led^  as  early  as  the  middle  of  the  last 
century,  to  the  recognition  of  the  proper  motion  of  the  fixed 
stars  generally;  but  we  are  indebted  for  more  exact  and 
numerical  determinations  of  this  class  of  phenomena,  first  to 
the  great  work  of  William  Herschel  in  1788,  founded  on 
Flamsteed^s  observations  H,  and  since  in  a  far  higher  de- 
gree to  Bessel's  and  Argelander's  comparison  of  Bradley's 
Star  Positions  for  1755  with  later  catalogues. 

The  discovery  of  the  proper  motion  of  the  fixed  stars,  is 
of  80  much  the  higher  importance  to  physical  astronomy, 
since  it  has  led  to  the  recognition  of  the  movement  of 
our  own  solar  system  through  star-filled  space,  and  even  to 
the  exact  knowledge  of  the  direction  of  this  movement. 
This  is  a  fact  of  which  we  could  never  have  become  aware, 
if  the  progressive  proper  motion  of  the  fixed  stars  had  been 
90  small  as  altogether  to  escape  our  measurement.  The 
zealous  endeavour  to  investigate  the  quantity  and  direction 
of  this  movement,  together  with  the  parallax  of  the  fixed 
stars  and  their  distance,  by  stimulating  the  improvement  of 
arc-graduation  and  micrometric  apparatus  combined  with 
optical  instruments,  has  eminently  contributed  to  the  ad- 
vance of  observing  astronomy  to  the  point  to  which,  (espe- 
cially since  1830),  it  has  been  raised  by  the  judicious 
employment  of  large  meridian-circles,  refractors,  and  helio- 
metere. 

The  quantity  of  proper  motion  which  has  been  measured 
in  different  stars  varies,  as  I  have  remarked  in  the  beginning 
of  this  section,  from  the  20th  part  of  a  second  to  almost  8 
seconds.  The  brighter  stars  have  in  many  cases  a  less 
motion  than  stars  of  the  5th,  6th,  and  7  th  magnitudes.  {^^) 
'The  7  stars   which   have   shewn   unusually   great  proper 
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motion^  are^  Ajctoras  (1st  magnitude)  wliich  has  an  annual 
proper  motion  of  %"'%b ;  a  Centauri  (1st  m.),  S'^-SS  (»*) ; 
fi  Cassiopeise  (6th  m.),  3'^-74 ;  the  double  star  Sin  Eridanus 
(54  m.)  4''-08;  the  double  star  61  C)ygni  (B-6  m.),  5''-128, 
the  motion  being  recognised  by  Bessel  in  1812  by  compa- 
rison with  Bradley^s  observations ;  a  star  on  the  borders  of 
the  constellations  Oanis  Venaticas  (^*)  and  Ursus  Major^  No. 
1830  of  Groombridge^s  catalogue  of  circumpolar  stars  (7tb 
m.),  according  to  Argelander  6'^-974 ;  e  Indi,  7'^'74  accord- 
ing to  D' Arrest  f  «0  5  ^151  Puppis  (6th  m.)  7''-871.  The 
arithmetical  mean  (^")  of  the  several  proper  motions  of  fixed 
stars,  taken  from  all  the  zones  into  which  Madler  has  di- 
vided the  celestial  sphere,  would  hardly  exceed  0*^*102. 

An  important  investigation  into  the  variability  of  tiie 
proper  motions  of  Procyon  and  Sirius,  had  in  1844  (a 
short  time  before  the  commencement  of  his  painful  and 
fatal  illness),  impressed  the  mind  of  the  greatest  astronomer 
of  our  time,  Bessel,  with  the  conviction,  "that  stars, 
whose  variable  motions  become  sensible  when  examined 
with  the  most  perfect  instruments,  are  parts  of  systems 
which  are  limited  to  spaces  small  in  comparison  with 
the  great  distances  of  the  fixed  stars  from  each  other/' 
This  belief  in  the  existence  of  double  stars,  of  which  one 
member  of  the  pair  is  supposed  to  be  non-luminous,  was  so 
strong  in  Bessers  mind  (as  his  long  correspondence  with 
myself  testified),  as  to  add  greatly  to  the  general  interest 
excited  by  whatever  promises  to  enlarge  our  knowledge 
of  the  physical  constitution  of  the  sidereal  heavens.  ''  The 
attracting  body,'^  said  he,  "  must  be  situated  either  veiy 
near  the  star  which  shews  the  observed  change  of  place. 
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P  very  near  the  sun.  But  since  nothing  in  the  motions 
of  our  planetary  system  betrays  the  presence  of  an  attract- 
ing body  of  considerable  mass  at  a  very  small  distance  from 
the  snn,  we  are  conducted  back  to  the  supposition  of  the 
existence  of  sucb  a  body  at  a  very  small  distance  from  a  star, 
as  the  only  valid  explanation  of  an  alteration  in  the  proper 
motion  of  the  latter  becoming  visible  in  the  course  of  a 
century."  {°")  In  a  letter  to  myself,  in  July  1844,  {I  had 
sportively  expressed  some  uneasiness  at  the  idea  of  such  a 
ghost-world  of  dark  stars),  he  said,  "I  do,  indeed,  con- 
tinae  in  the  belief,  that  Proeyon  and  Sirius  are  both  true 
doable  stars,  each  consisting  of  one  visible  and  one  invisible 
star.  There  is  no  ^  prion  reason  for  regarding  luminosity 
u  an  essential  property  of  bodies.  The  countless  host  of 
risible  stars  clearly  proves  nothing  against  the  possible 
eiistence  of  an  equally  countless  host  of  invisible  stars. 
The  physical  difficulty  of  a  variation  in  the  proper  motion, 
ig  satisfactorily  met  by  the  hypothesis  of  dark  stars.  The 
simple  supposition  cannot  be  blamed,  that  an  alteration  of 
velocity  only  takes  place  in  obedience  to  a  force,  and  that 
forces  act  according  to  the  Newtonian  laws." 

A  year  after  Bessel's  death,  Fuss,  at  Struve's  instance, 
renewed  the  investigation  of  the  anomalies  of  Procyoii  and 
Sirios,  partly  by  new  observations  with  Ertel's  Meridian 
Telescope  at  Pulkova,  and  partly  by  redilbtions  and  com- 
Iftrison  with  earlier  observations.  Struve  and  Fuss  (*") 
consider  the  result  to  be  against  Bessel's  opinion.  On  the 
other  hand,  a  laborious  inquiry,  just  completed  by  Peters 
»t  Kiiuigsberg,  and  a  similar  one  by  Schubert,  the  calcu- 
l*tot  employed  on  the  North  American  Nautical  Almanac, 
■Mppart  Bessel. 
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The  belief  in  the  existence  of  non-luminous  stars  was 
abeady  prevalent  in  Grecian  antiquity,  and  especially  in  the 
early  times  of  Christianity.  It  was  assumed  that  ''  among 
the  fiery  stars  which  are  nourished  by  vapours,  there  move 
other  earthy  bodies  which  remain  invisible  to  us/'  («*)  The 
entire  extinction  of  new  stars,  particularly  of  those  in  Cas- 
siopeia and  Ophiuchus,  so  carefully  observed  by  Tycho  Brahe 
and  Kepler,  appeared  to  afford  a  firmer  support  to  this 
notion.  As  it  was  then  supposed  that  the  first-named  of 
these  two  stars  had  already  shone  forth  twice  before,  at 
intervals  of  about  300  years,  the  idea  of  annihilation  or 
complete  dissolution  was  not  likely  to  find  acceptance.  The 
illustrious  author  of  the  "Mecanique  C61este''  founds  his 
persuasion  of  the  existence  of  non-luminous  masses  in  the 
Universe  on  the  same  phenomena  of  1572  and  1604. 
"Ces  astres  devenus  invisibles  apr^s  avoir  surpasse  I'eclat 
de  Jupiter  m6me,  n'ont  point  chang6  de  place  durant  leur 
apparition.^'  (Only  the  luminous  process  in  them  has 
ceased.)  "II  existe  done  dans  I'espace  celeste  des  corps 
opaques  aussi  considerables  et  peut-6tre  en  aussi  grands 
nombres  que  les  6toiles",  {^)  So  also  Madler,  in  his 
"  Untersuchungen  iiber  die  Fixstem-Systeme''  (^)  says, 
"  A  dark  body  might  be  a  central  body ;  it  might,  like  our 
sun,  be  only  surrounded  in  its  immediate  vicinity  by  dark 
bodies  such  as  are  our  planets.  The  movements  of  Procyon 
and  Sirius  pointed  out  by  Bessel  constrain  (?)  the  assump- 
tion that  there  are  cases  in  which  luminous  bodies  are 
satellites  to  dark  masses.''  I  have  already  noticed  that 
some  adherents  of  the  emanation-theory  of  light  supposed 
such  masses  to  be  light-radiating,  though  at  the  same  time 
invisible  from  being  of  such  enormous  dimensions  that  the 
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rays  of  light  sent  forth  (luminous  molecules)  are  so  held 
back  by  the  force  of  attraction^  that  they  cannot  pass 
beyond  a  certain  limit.  (*^)  If,  as  may  weU  be  assumed, 
there  are  dark  invisible  bodies  in  space  in  which  the  process 
of  light-producing  undulations  does  not  take  place,  they 
most  either  not  fall  within  the  circumference  of  our  planetary 
and  cometary  system,  or  they  must  be  of  very  small  mass, 
since  their  presence  does  not  manifest  itseK  by  any  percep- 
tible perturbations. 

The  investigation  of  the  motion  of  the  fixed  stars  in 
amount  and  direction  (meaning  thereby  both  their  true 
proper  motion,  and  the  merely  apparent  motion  due  to  the 
change  in  the  observer's  place  caused  by  the  earth^s  motion 
in  her  orbit), — the  determination  of  the  distance  of  the  fixed 
stars  from  the  Sun  by  investigations  of  their  parallax, — and 
conjectures  as  to  the  part  of  space  towards  which  our  plane- 
tary system  is  moving ; — are  three  problems  in  Astronomy 
wliich,  in  respect  to  the  means  of  observation  which  have 
been  successfully  employed  in  their  partial  solution,  are 
nearly  allied  to  each  other.  Every  improvement,  either  of 
instruments  or  of  methods,  applied  to  the  advancement  of 
one  of  these  difBcult  and  complicated  inquiries,  has  been 
productive  of  benefit  to  the  others.  I  prefer  commencing 
with  the  parallaxes,  and  with  the  determination  of  the 
distances  of  some  of  the  fixed  stars,  in  order  to  complete  the 
account  of  the  present  state  of  our  knowledge  in  reference 
to  single  fixec^  stars. 

As  early  as  the  beginning  of  the  17th  century,  Galileo  put 
forward  the  idea  of  ^^  measuring  the,  doubtless  very  unequal, 
distances  of  the  fixed  stars  from  the  solar  system^^ ;  and  even 
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with  great  acuteness^  proposed  the  means  of  finding  the 
parallax^  not  by  the  determination  of  the  distance  of  a  star 
from  the  zenith  or  the  pole,  but  "  by  the  carefol  com- 
parison of  one  star  with  another  very  near  to  it"  Although 
expressed  in  very  general  terms,  this  is  the  micrometric 
method  subsequently  employed  by  William  Herschel 
(1781),  Struve  and  Bessel.  '^  Perch^  io  non  credo/' 
said  Gralileo  ('"*)  in  his  third  discourse  (Giornata  terza), 
'^che  tutte  le  stelle  siano  sparse  in  una  sferica  saperficie 
egualmente  dislanti  da  un  centra;  ma  stimo,  che  le  lore 
lontananze  da  noi  siano  talmente  varie,  che  alcune  ve  ne 
possano  esser  2  e  3  volte  pi5  remote  di  alcune  altre;  talchd 
quando  si  trovasse  col  Telescopic  qualche  picdoUmma  9teUa 
vicinissima  ad  aleuna  delle  maggiori,  e  che  per6  quella  fusse 
altissima,  potrebbe  accadere,  che  qualche  sensibile  mutaziane 
suecedesse  Ira  di  loro"  The  promulgation  of  the  Coper- 
nican  system  carried  with  it  the  grounds  for  requiring  the 
numerical  assignment  by  measurement  of  the  change  of 
direction,  which  the  half-yearly  change  of  place  of  the  Earth, 
in  her  orbit  round  the  Sun,  must  produce  in  the  apparent 
position  of  the  fixed  stars.  But  as  the  angular  determina- 
tions of  Tycho  Brahe,  so  happily  employed  by  Keplfir, 
(although,  as  I  have  already  said,  they  might  be  considered 
certain  to  one  minute  of  arc),  still  did  not  shew  any  such 
change  arising  from  parallax,  the  Copernicans  long  satis- 
fied themselves  by  replying  to  such  requirements,  that  the 
diameter  of  the  Earth's  orbit,  (414-  German,  165-J^  English 
millions  of  geographical  miles),  was  too  small  in  proportion 
to  the  exceedingly  great  distance  of  the  fixed  stars. 

The  hope  of  being  able  to  discover  by  observation  the  ex- 
istence of  parallax,  must  therefore  have  been  seen  to  be  de- 
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pendent  on  the  improvement  of  optical  and  measuring  in- 
struments^ and  on  the  possibility  of  determining  very  small 
angles  with  certainty.     So  long  as  such  certainty  was  only 
eqoal  to  one  minute,  the  non-detection  of  parallax  only  proved 
fiiat  the  fixed  stars  must  be  more  distant  than  3438  semi-dia- 
meters of  the  Earth's  orbit.  (^)     Certainty  to  a  second  in 
the  observations  of  the  great  Astronomer,  James  Bradley, 
raised  this  lower  limit  to  206265  semi-diameters ;  and  in  the 
brilliant  epoch  of  the  Fraunhofer  instruments,  it  was  raised, 
by  the  direct  measurement  of  nearly  the  tenth  part  of  a 
second  of  arc,  to  2062648  semi-diameters  of  the  Earth's 
orbit.  The  eiBForts,  and  ingeniously  devised  Zenith  apparatus, 
of  Newton's  great  cotemporary,  Bobert  Hooke,  in  1669,  did 
not  conduct  to  the  desired  aim.     Picard,  Horrebow  who 
worked  out  Romer's  rescued  observations,  and  Elamsteed 
thought  they  had  found  parallaxes  of  several  seconds,  be- 
cause they  confounded  the  proper  motions  of  the  Stars  with 
the  effects  of  parallax.     On  the  other  hand,  the  sagacious 
John  Michell  (Phil.  Trans.  1767,  Vol.  Ivii.  pp.  234-264), 
was  of  opinion  that  the  parallaxes  of  the  nearest  fixed  stars 
must  be  less  than  0''*02,  and  therefore  "could  only  be  recog- 
niaed  by  a  magnifying  power  of  12000."   From  the  very  pre- 
valent idea  that  the  superior  brightness  of  a  star  must  always 
indicate  its  greater  proximity,  stars  of  the  first  magnitude, 
Vega,  Aldebaran,  Sirius,  and  Procyon,  were  first  studied, 
wid  were  the  subjects  of  the  unsuccessful  observations  of 
Calandrelli,  and  of  the  meritorious  Piazzi.  (1805)     To  these 
observations,  we  must  add  those  which  were  published  (1815) 
in  DubUn  by  Brinkley,  and  which,  ten  years  later,  were  re- 
feed  by  Pond,  and  especially  by  Airy.     A  sure  and  satis- 
&ctory  knowledge  of  parallaxes,  founded  on  micrometric 
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measurements^  only  commenced  between  the  years  1832 
and  1838. 

Although  Peters,  {'^)  in  his  important  work  on  the  dis- 
tances of  fixed  stars  (1846),  gives  the  number  of  cases  of 
parallax  already  discovered  at  33, 1  will  content  myself  with 
citing  nine,  which  deserve,  though  in  very  unequal  degrees, 
the  greatest  amount  of  confidence,  giving  them  nearly  in  the 
order  of  time  of  their  determinations. 

The  first  place  belongs  to  the  Star  61  Cygni,  which  Bessel 
has  rendered  so  celebrated.  As  early  as  1812,  the  Konigs- 
berg  astronomer  determined  the  large  proper  motiofn  of  this 
double  star  (below  the  sixth  magnitude) ;  but  it  was  only 
in  1838,  that  he  ascertained  its  parallax  by  the  employment 
of  the  heliometer.  My  Mends  Arago  and  Mathieu  made  a 
series  of  numerous  observations,  from  August  1812  to  No- 
vember 1813,  for  ascertaining  the  parallax  of  61  Cygni  by 
measuring  its  Zenith  distance.  They  arrived  at  the  very  just 
conjecture,  that  the  parallax  of  the  Star  must  be  less  than 
half  a  second.(^°®)  As  late  as  1815  and  1816,  Bessel,  as 
he  himself  expresses  it,  ^^had  not  arrived  at  any  admissible 
result.^^  (^)  Observations  from  August  1837  to  October 
1838,  in  which  he  availed  himself  of  the  large  heliometer 
established  in  1829,  first  led  him  to  infer  a  parallax  of 
0'''3483,  corresponding  to  a  distance  of  592200  semi- 
diameters  of  the  Earth^s  orbit,  and  to  a  passage  of  light  of 
9J  years.  Peters,  in  1842,  confirmed  this  result,  by  find- 
ing 0'^'3490 ;  subsequently,  however,  Bessel^s  result  was  con- 
verted by  a  temperature  correction  into  0"'3744.  ("®) 

The  parallax  of  the  finest  double  Star  in  the  Southern 
Heavens,  a  Centauri,  has  been  determined  by  observations- 
at  the  Cape  of  Good  Hope,  by  Henderson  in  1832,  and  by" 
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Maclear  in  1839,  at  0''-9128.  ("^  This  would  make  it  the 
nearest  of  all  the  fixed  Stars  whose  parallaxes  have  yet  been 
measured,  and  three  times  nearer  than  61  Cygni. 

The  parallax  of  a  Lyrse,  has  long  been  the  subject  of 
Struve's  observations.  The  earlier  observations  (1836)  gave 
n  between  0"-07  and  0''- 1 8 ;  later  ones  gave  0''-2613,  and 
a  distance  of  771400  semi-diameters  of  the  Earth's  orbit, 
with  a  light  passage  of  1 2  years ;  ("')  but  Peters  has  found 
the  distance  of  this  bright  Star  still  greater,  since  he  gives 
its  parallax  at  only  0'''103.  This  result  contrasts  with 
another  Star  of  the  first  magnitude  (a  Centauri),  and  with  a 
Star  of  the  sixth  magnitude  (61  Cygni). 

The  parallax  of  Polaris  was  determined  by  Peters,  by 
many  comparisons  made  in  the  years  1818 — 1838,  at 
0"*106,  and  the  more  satisfactorily  as  the  same  comparisons 
give  the  aberration  20"-455.  (^^') 

The  parallax  of  Arcturus  is,  according  to  Peters,  0''*127 
(Rumker's  earlier  observations  with  the  Hamburgh  Meridian 
Circle  had  given  it  much  larger).  The  parallax  of  another 
star  of  the  1st  magnitude,  Capella,  is  still  less,  being, 
according  to  Peters,  0''-046. 

The  Star  1830  of  Groombridge's  Catalogue,  which,  ac- 
cording to  Argelander,  has  shown  the  greatest  proper 
motion  of  any  star  yet  observed,  has  a  parallax  of  0''*226, 
as  inferred  from  48  very  exactly  observed  Zenith  distances 
by  Peters  in  1842  and  1843.  Faye  had  believed  it  to  be 
5  times  greater,  viz.,  1'''08,  or  more  considerable  than  the 
parallax  of  a  Centauri.  {^'') 

The  following  table  contains  the  parallaxes  of  the  nine 
^  which  deserve  the  greatest  amount  of  confidence,  with 
the  names  of  the  observers,  and  the  probable  errors  of  the 
determinations. 
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t 

Fixed  Staes. 

Paral- 

LAXtS. 

Probable 
Ekrobs. 

Names  07 
Obsektebs. 

a  Ccntauri  

0'-913 

0*070 

Henderson  &  Madear. 

61  Cyeni 

0'.3744 

0*020 

Bessd. 

rfo     ••••••••• ••• 

Sirias  

0''230 

Henderson. 

1830  Groombridge  .. 

0'-226 

0*141 

Peters. 

I  UrsfiB  msg 

0'133 

0*106 

Peters. 

Arctnrns 

0'-127 

0*073 

Peters. 

a  Lyrse    

0'-207 

0*038 

Peters. 

Polaris     

0*106 

0*012 

Peters. 

Capella    

0*046 

0*-200 

Peters. 

The  results  hitherto  obtained  by  no  means  show  gene- 
rally that  the  brightest  stars  are  also  the  nearest.  Although 
the  parallax  of  a  Centauri  is  indeed  the  largest  hitherto 
known,  yet,  on  the  other  hand,  a  Lyrse,  Arcturus,  and 
especially  Capella,  have  parallaxes  from  3  to  8  times  less 
than  a  star  of  the  6th  magnitude  in  Cygnus.  It  is  also 
to  be  remarked  that  the  two  stars  which,  next  to  2151 
Puppis  and  e  Indi,  show  the  most  rapid  proper  motion, 
i.  e.,  the  Star  in  Cygnus  which  has  just  been  named 
(having  an  annual  motion  of  5'''123),  and  No.  1830  of 
Groombridge,  called  in  France  Argelander's  Star   (annual 
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lotion  6'''974),  are^  the  one  8,  and  the  other  4  times  as  far 
rom  the  Sun  as  a  Centauri^  which  has  a  proper  motion 
>f  i'^'68.    Volume,  mass,  intensity  of  h'ght,  proper  motion 
["•),  and  distance  from  our  solar  system,  are  certainly  in 
rery  various  and  compUcated  relations  to  each  other.     Al- 
though, therefore,  it  may  be  generally  probable  that  the 
brightest  stars  are  the  nearest,  yet  there  may  be  individual 
cases  of  very  remote  small  stars  whose  photospheres  and 
SQi&ces  may,  from  the  nature  of  their  physical  constitution, 
support  a  very  intense  luminous  process.     Stars,  which  on 
ttccoont  of  their  brightness  we  reckon  as  belonging  to  the 
Ist  magnitude,  may  thus  be  really  more  distant  from  us 
than  stars  which  we  call  of  the  4th,  5th,  or  6th  magni- 
tudes.   If  we  descend  from  the  consideration  of  the  great 
sidereal  stratum,  of  which  our  solar  system  is  a  part,  to  the 
subordinate  particular  system  of  our  planetary  world,  and 
stqi  by  step,  still  lower,  to  the  systems  of  Jupiter  and 
Saturn  with  their  respective  satellites,  we  see  central  bodies 
surrounded  by  masses  in  which  the  succession  of  magni- 
tudes and  of  intensities  of  reflected  light  does  not  appear 
to  depend  at  all  on  distance.     The  immediate  connection 
subsisting  between  our  direct  knowledge,  stiU  so  slight,  of 
the  parallaxes  of  stars,  and  our  knowledge  of  the  entire 
structural  form  of  the  universe,  gives  a  peculiar  interest 
sud  charm  to  considerations  which  relate  to  the  distance 
of  the  fixed  stars. 

Human  ingenuity  has  devised  for  this  class  of  invcstiga- 

tiona  a  method  quite  different  from  those  usually  employed ; 

tt  IS  founded  on  the  velocity  of  light,  and  deserves  to  be 

»nely  noticed  in  this  place.     Savary,  of  whom  the  physical 

"fences  have  been  too  early  deprived,  has  shown  how,  in 
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double  stars,  the  aberration  of  light  may  be  used  for  deter- 
mining the  parallax.     If  the  plane  of  the  orbit,  which  the 
secondary  star  describes  round  the  central  body,  is  not  per- 
pendicular to  the  line  of  sight  from  the  earth  to  the  doable 
star,  but,  on  the  contrary,  nearly  coincides  with  it,  then  the 
course  of  the  secondary  star  will  appear  to  be  in  a  right 
line,  and  the  points  on  the  half  of  its  orbit  which  is  turned 
towards  the  earth  will  all  be  nearer  the  observer,  than  the 
corresponding  points  of  the  other  half  which  is  tamed  from 
the  earth.     Such  a  division  into  two  halves  produces,  not 
a  really,  but  to  the  observer  an  apparently,  unequal  velocity 
according  as  the  smaller  star  is  approaching  or  receding 
from  him.     If,  then,  the  semi-diameter  of  the  orbit  is  so 
large  that  light  requires  several  days  or  weeks  to  traverse  it, 
then  the  time  of  the  semi-revolution  on  the  farther  side  will 
be  greater  than  on  the  side  turned  towards  the  observer. 
The  sum  of  the  two  unequal  numbers  which  express  the 
duration  of  the  two  semi-revolutions,  is  still  equal  to  the 
true  period  of  entire  revolution,  since  the  inequalities  occa- 
sioned by  the  cause  referred  to  mutually  destroy  each  other. 
In  Savary^s  ingenious  method,  by  converting  days  and  parts 
of  days  into  a  standard  of  length  (light  traverses  14356 
millions  of  geographical  miles  in  24  hours),  it  is  possible 
to  deduce  from  these  ratios  of  duration  the  absolute  magni- 
tude of  the  semi-diameter  of  the  orbit,  and  by  the  simple 
determination  of  the  angle  under  which  the  semi-diameter 
presents  itself  to  the  observer,  the  distance  of  the  central 
body  and  its  parallax.  (^^') 

As  the  determination  of  the  parallaxes  informs  us  con- 
cerning the  distances  of  a  small  number  of  fixed  stars  and 
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the  position  in  space  to  be  asagned  to  irie-..  sr.  :b-:  i:.;Tr- 
ledge  of  the  measure  and  direcrion  of  iLeir  prcwi  r:i:'n  v: 
(i.  «.  of  the  changes  experienced  bj  ihe  re^iiive  rosiri:  :*> 
of  sdf-Iuminous  bodies)  conducts  us  to  rro  T>r:»Kez:s  Q^vei..- 
dent  on  each  other ;  viz.,  the  morion  of  our  s-r-j;^  fTscem, 
P")  and  the  situation  of  the  oentne  of  OTviir  o:  ibe  T-bcJr 
keaven  of  the  fixed  stars.    What  can  as  ve^  cl2t  lie  re^i  j^i 
in  80  very  incomplete  a  manner  to  niinieriosl  Kutiaous,  TLa^i 
for  that  very  reason  be  ill  adapted  ::^r  iLr  Cirtj  in^  :- 
festation  of  casual  connection.     Of  the  ito  !*;>;  zstzuri  t-'-c- 
blems,  the  first  only  has  received  a  soliinrtTi.  in  pETSr-Llhr  ' ; 
Argdander's  excellent  inTesrigaiion,  vhich  can  be  -rir^e^  :.* 
in  some  degree  of  a  sarisfectonr  defir.iTr'jfa? :  :ric  sirt'>i;'.  "-i 
which  so  many  opposing  and  muri3SL>  rvxyie jstrir^  for?*:? 
tte  concerned,  has  been  treated  ^.*h  irn-ir.  ii^rrLiirr  It 
ler;  but,  according  to  that  astronorary"*  cin-  tTcvil  ■' 
attempted  solution  is  deficient  in  "  ill  :ir    ~"  "er.ivr*  ::'  =, 
complete  and  scientifically  adequ&Te  oriij.-r.frr.rl::./ 
After  carefully  separating  and  driiijtiLz    .-  :ii 
to  the  precession  of  the  equinoxes.  :r.r  r.-iTiTi-iL 
earth's  axis,  the  aberration  of  ligbt.  ai..i ::  r 
occasioned  bv  the  earth's  revolunon  rc-r.i  :ir  S-::.  :*- 
remaining  annual  motion^  of  the  fxe-i  ?:-r?  ^nll  ii  ::.-■_ — 
both  the  eifects  of  the  mor^mefif  of  i--..  i^'.'h^  c^"  iJt<  f  r- 
<«rc  9olar  system  in  fpjce^  jjid  iLcr^e  ::  ::.r  ir^-z  projr-r 
motion  of  the  fixed  stars  theniseire?       I:.  Br^.ilr^^'s  'c'l- 

m 

nuttible  investigation  of  nutation  in  Lis  it^^:  work  iii  174^, 
^e  find  the  first  expressed  auticipititri  of  ii.e  :rar- elation  '/f 
the  solar  system,  and  also  an  indicanon  of  x':j:  ziiHlifji]  of 
observation  most  desirable  to  be  purj!ie«3  for  it*  oiscoveiy. 
"H"  says  he,  ("•)  "it  should  be  found  that  our  plaiicury 

VOL.  HI.  K 
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system  changes  its  situation  in  absolute  space^  there  may 
thence  arise^  in  course  of  time^  an  apparent  variation  in  the 
angular  distance  of  the  fixed  stars.  Now^  as  in  such  case 
the  position  of  the  stars  nearest  to  us  would  be  more 
affected  than  that  of  the  more  distant  ones^  the  position  of 
these  two  classes  of  stars  would  appear  altered  relatively  to 
each  other^  although  in  themselves  they  might  all  have  re- 
mained unmoved.  If,  on  the  other  hand^  our  solar  system 
is  in  repose,  and  some  stars  actually  move,  then  their  appa- 
rent positions  will  also  be  altered ;  and  this  the  more  as  the 
motions  are  more  rapid,  the  stars  in  a  favourable  position, 
and  the  distance  from  the  earth  less.  The  alteration  is. 
their  relative  positions  may  be  dependent  on  so  great  a 
number  of  causes  that,  perhaps,  many  centuries  msj  be 
required  before  the  laws  can  be  discovered .'' 

After  Bradley,  sometimes  the  mere  possibility,  and  sometimes 
the  greater  or  less  probabihty  of  the  movement  in  space  of 
the  solar  system,  were  discussed  in  the  writings  of  Tobias 
Mayer,  Lambert,  and  Lalande ;  but  William  Herschel  had 
first  the  merit  of  supporting  the  opinion  by  actual  observa- 
tion (1783,  1805,  and  1806).  He  found,  what  many  lata 
and  more  exact  investigations  have  confirmed  and  deteN 
mined  within  narrower  limits  of  uncertainty,  that  our  solar 
system  is  moving  towards  a  point  near  the  constellation  of 
Hercules  in  E.A.  260°  44',  and  North  Declination  26°  16' 
(reduced  to  1800).  Argelander,  by  a  comparison  of  819 
Stars,  and  taking  into  account  LundahFs  investigatiow, 
found  for  the  situation  of  this  point,  for  1800 ;  E.A.  257^ 
54^-1 ;  Decl.  +  28°  49^-2 ;  and  for  1850 ;  R.A.  268° 
23^-5  ;  Decl.  +  28°  45'-6 ;  and  Otto  Struve  (from  8M 
Stajs)  found  it  for  1800,  E.A.  261°  26'-9,  Decl.  +  37^ 
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35'-5,  and  for  1850,  B.A.  261°  52'-6  and  Dec.  87°  33'-0, 
Aecoiding  to  Gauss,  (*")  the  place  sought  for  is  situated 
vithin  a  quadrangle  whose  angular  points  are  in 

E.A.  258°  40'  and  Decl.  +  30°  40' 
258°  42'  ..        30°  57' 


99 

„    259°  13' 
„    260°    4' 


99 
99 
99 


31°    9' 
30°  32' 


It  stni  remained  to  examine  what  resnlt  would  be  ob- 
tained by  employing  stars  of  the  Southern  Hemisphere, 
vbich  never  rise  above  the  horizon  in  Europe.  Galloway 
las  devoted  himself  with  great  diligence  to  this  research. 
He  has  compared  very  recent  determinations  (1830)  by  John- 
aon  at  St.  Helena,  and  by  Henderson  at  the  Cape  of  Good 
Hope,  with  determinations  of  older  date,  (1750  and  1757) 
rfBradley  and  Lacaille.  The  result  (*")  has  been,  for  1790, 
B.A.  260°  0',  Decl.  +  34°  23',  and  therefore  for  1800 
U.  260°  5',  Decl.  +  34°  22' ;  and  for  1850,  260°  33' 
Bid  -f  34°  20'.  This  agreement  with  the  results  obtained 
fiom  Northern  Stars  is  extremely  satisfactory. 

If,  then,  we  may  consider  the  direction  of  the  progressive 
movement  of  our  solar  system  to  be  determined  within 
moderate  limits,  the  questions  very  naturally  arise, — Is  the 
▼odd  of  the  fixed  stars  distributed  into  groups,  each  con- 
dstmg  only  of  neighbouring  partial  systems? — or  must  we 
nnapne  a  general  relation,  i.e.  that  all  self-luminous  celes- 
tial bodies  (suns)  revolve  around  a  common  cefitre  of  gra- 
<%,  eWkr  occupied  by  a  mass  of  matter,  or  void,  i.e.  not  so 
occupied?  We  are  here  entering  on  the  domain  of  mere 
conjecture,  to  which  a  scientific  form  may  indeed  be  given, 
btxt  wWch,  from  the  insuflBciency  of  the  data  at  our  com- 
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mand,  either  as  the  results  of  observation  or  of  analc^,  are 
not  capable  of  leading  to  such  evidence  as  other  parts  of 
Astronomy  enjoy. 

One  reason  which  especially  opposes  a  thorough  mathe- 
matical treatment  of  problems  so  difficult  of  solution,  con- 
sists in  our  ignorance  of  the  proper  motion  of  a  countless 
host  of  very  small  stars  (10th  to  14th  magnitude),  which 
appear  scattered  amongst  brighter  ones,  and  most  abundantlj 
in  what  is  so  important  a  part  of  our  sidereal  stratum,  the 
rings  of  the  Milky  Way.     The  consideration  of  our  plane- 
tary  sphere,  in  which  we  ascend  from  the  small  partial  sys- 
tems of  Jupiter,  Saturn,  and  Uranus  with  their  respective 
satellites,  to  the  general  solar  system,  easily  led  to  the  belief 
that  the  fixed  stars  might  be  imagined  to  be  in  an  analogous 
maimer  divided  into  many  single  groups,  which,  though  se- 
parated by  wide  intervals,  might  yet  (in  the  higher  relation 
of  sucli  groups  to  each  other)  be  all  subjected  to  the  pre- 
})onderating  attracting  for(je  of  a  great  central  body,  which 
might  be  regarded,  as  it  were,  as  the  one  central  Sun  of  the 
Universe.  C^^)     But  the  series  of  consequences  here  alluded 
to  as  having  been  based  on  the  analogy  of  our  solar  system, 
is  opposed  by  the  facts  of  observation  as  known  to  us  up  to 
the  present  time.     Li  the  "  Multiple  Stars,''  two  or  more 
self-luminous  heavenly  bodies  or  suns  do  not  revolve  around 
each  other,  but  around  a  centre  of  gravity  situated  far  out- 
side of  them.      It  is  true  that  in  our  planetary  system, 
something  similar  takes  place,  inasmuch  as  the  planets  re- 
volve, not  around  the  centre  of  the  body  of  the  solar  orb 
itself^  but  around  the  centre  of  gravity  of  aU  the  masses 
ot*  the  system.    This  common  centre  of  gravity  falls,  accord- 
ing to  the  relative  position  of  the  larger  planets,  Jupiter 
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and  Saturn,  sometimes  within  the  corporeal  circumference 
of  the  Sun,  and  sometimes  (and  this  is  the  more  frequent 
case)  on  the  outside  of  that  circumference.  (^^')     Thus  the 
centre  of  gravity,  which  in  the  double  stars  is  void,  is  in 
the  solar  system  sometimes  void,  and  sometimes  occupied 
bj  matter.      All  that  has  been  said  respecting  the  possi- 
bility of  the  assumption  of  a  dark  central  body  in  the  centre 
of  gravity  of  the  double  stars,  or  of  planets  originally  dark 
but  faintly  illuminated  by  foreign  light  revolving  around 
"ttem,  belongs  to  the  wide  domain  of  mythical  hypothesis. 

It  is  a  graver  consideration,  and  one  more  deserving  of  a 
tiliorough  examination,  that,  if  we  assume  a  movement  of 
revolution,  both  for  our  own  entire  solar  system,  and  for 
all  the  proper  motions  of  the  fixed  stars  situated  at  such 
"widely  difiTerent  distances  from  us,  the  centrum  of  this  re- 
volving motion  must  be  90°  from  the  point  i^^)  towards 
vrhich  our  solar  system  is  moving.     In  reference  to  the 
combination  of  ideas  which  is  here  introduced,  the  situation 
of  the  stars,  which  have,  on  the  one  hand,  a  very  consider- 
able, or,  on  the  other  hand,  a  very  shght  proper  motion, 
becomes   of   great   moment.      Argelander  has   cautiously, 
and  with  his  own  peculiar  sagacity,  tested  the  degree  of 
probability   with   which,   in   our  own   sidereal   stratum,  a 
general  centrum  of  attraction  might  be  sought  for  in  the 
sidereal  constellation  of  Perseus.  (^^)     Madler,  rejecting  the 
bypothesis  of  a  central  body  occupying  the  place  of  the 
general  centre  of  gravity,  and  being  itself  of  preponderating 
Biiass,  seeks  the   centre  of  gravity   in   the  group   of  the 
Heiades,  and  in   the  middle  of  the  group,  in  or  near  (^-^) 
4e  bright  star  tj  Tauri  (Alcyone)      This  work  is  not  the 
place  for  examining  the  degree  of  probabiHty,  on  the  one 
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band^  or^  on  the  other^  the  insufficiencj  of  the  foondi. 
tion,  {^^)  of  this  last  supposition.  With  the  distinguiahed 
and  active  director  of  the  Observatoiy  at  Dorpat,  rests  tk 
merit  of  having  in  his  laborious  investigation  examined  the 
position  and  proper  motion  of  upwards  of  800  fixed  stan, 
and  of  having  at  the  same  time  given  activity  to  researdes, 
which^  if  they  do  not  conduct  to  a  satisfactory  resolution  of 
the  great  problem  itself^  are  yet  suited  to  throw  light  on 
kindred  subjects  in  physical  astronomy. 
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VI. 


TJITIPLE,   OE    DOUBLE    STARS. — THEIR   NUMBER  AND   DIS- 
TANCES   APART. PERIOD    OP    REVOLUTION    OF    TWO 

SUNS  BOUND  A  COMMON   CENTRE  OP   GRAVITY. 


P;in considerations  on  the  subjectof  thefixed  stars^  we  descend 

^torn  conjectural,  higher  and  more  general  relations,  to  such  as 

^le  more  special,  we  find  ourselves  on  ground  firmer  and  better 

^apted  for  direct  observation.     In  multiple  stars,  to  which 

olass  binary  or  double  stars  belong,  several  self-luminous 

cosmical  bodies  (Suns)   are  connected  with  each  other  by 

mutual  attraction,  and  this  attraction  necessarily  calls  forth 

'iiotion  in  re-entering  curved  lines.     Previous  to  the  recog- 

rition,  by  actual  observation,  of  the  revolutions  of  double 

stars,  (*^)  our  knowledge  of  the  existence  of  motion  in  re- 

^tering  curved  lines  was  limited  entirely  to  our  own  planetary 

8olar  system.     On  this  apparent  analogy  hasty  inferences 

^ere  based,  which  led  aside  from  the  true  path.     As  the 

^^e  of  double-star  was  applied  in  all  cases  where  proxi- 

^  prevented   separation   by  the  unassisted  eye    (as  in 

Castor,  a  Lyrae,  /3  Ononis,  and  a  Centauri),  the  term  very 

'^^tarally  came  to  include  two  classes  of  multiple  stars; 

^Qose  whose  proximity  might  be  occasioned  solely  by  their 

'^idental  position  in  relation  to  the  observer,  wliile  they 


.200  SPECIAL  RESULTS  IN  THE  URANOLOOICAL 

might  really  be  situated  at  very  different  distances,  and  might 
belong  to  altogether  different  sidereal  strata, — and  those 
which,  being  actually  and  truly  near  to  each  other,  and 
being  connected  by  mutual  dependence  or  reciprocal  attrac- 
tion, form  a  particular  system  of  their  own.  It  is  now  tiie 
custom  to  call  the  first  class  optically^  and  the  second 
phydcally,  double  stars.  Very  great  distance  and  slowness 
of  cUiptic  motion,  may  possibly  cause  several  of  the  latter 
class  to  be  confounded  with  the  former.  To  cite  here  a 
well-known  object,  the  small  star  Alcor,  (which  received 
much  attention  from  Arabian  astronomers,  because  visible 
to  the  naked  eye  in  very  clear  atmosphere  and  to  persons 
whose  visual  organs  are  very  perfect,)  forms,  in  the  wided  . 
seme  of  tJie  term,  such  an  optical  combination  as  has  been 
spoken  of,  with  Z,  in  the  tail  of  the  Great  Bear.  I  have 
already  noticed  in  Sections  II.  and  III.  the  difficulty  of 
separating  with  the  unassisted  eye  adjacent  stars  of  veij 
unequal  intensity  of  light, — the  influence  generally  of  sudi 
inequality  of  light, — the  rays  which  appear  to  issue  from 
stars, — and  the  organic  defects  which  produce  indistinctness 
of  vision.  {^^) 

Galileo,  without  making  double  stars  a  particular  subject 
of  his  telescope  observations,  (for  which,  indeed,  the  mag- 
nifying powers  employed  by  him  would  have  been  quite 
inadequate),  yet  in  a  celebrated  passage  of  the  Giomata 
tcrza  of  his  Discourses,  pointed  out  by  Arago,  mentions  the 
use  which  astronomers  might  make  of  optically  double  stars 
(quando  si  trovasse  nel  telescopio  qualche  picciolissima  stellaj 
vicinissima  ad  alcuna  delle  maggiori),  for  discovering  parallax 
in  the  fixed  stars.  {^^)  Until  the  middle  of  the  last  century^ 
star-catalogues  scarcely  contained  notices  of  as  many  as  2^ 
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doable  stars,  exclusive  of  such  as  are  more  than  32'^  apart ; 
now,  a  hundred  years  later  (thanks  principally  to  the  great 
labours  of  the  two  Herschels  and  Struve),  there  have  been 
discovered  in  both  hemispheres  about  .6000.  Among  the 
earliest  described  double  stars,  (^^)  are  Z  XJrsae  maj.  (7th 
Sept.  1700,  by  Gottfried  Kirch),  a  Centauri  (1709,  by 
Pemllee),  y  Virginis  (1718),  a  Gemiuorum  (1719),  61 
Cygni  (1753,  the  distances  and  angles  of  direction  were 
observed  in  this  and  the  two  preceding  cases  by  Bradley), 
p  Ophiuchi,  and  ^  Cancri.  The  number  of  double  stars 
enumerated  gradually  augmented,  from  Flamsteed  who 
employed  a  micrometer,  to  the  Star  Catalogue  of  Tobias 
Mayer,  which  appeared  in  1/56.  Two  men,  sagacious  in 
conjecture  and  apt  in  combination  of  thought,  Lambert 
C'Photometria,'^  1760  ;  and  "  Cosmological  Letters  on  the 
Arrangement  of  the  Structure  of  the  Universe,^'  1761),  and 
John  Michell  (1767),  although  they  did  not  themselves 
observe  double  stars,  were  the  first  who  promulgated  just 
views  respecting  the  relations  of  attraction  of  stars  in  partial 
binary  systems.  Lambert,  like  Kepler,  ventured  to  suppose 
the  distant  suns  (fixed  stars),  to  be,  like  our  own  sun,  sur- 
rounded by  dark  bodies,  as  planets  and  comets,  but  respect- 
ing fixed  stars  in  near  proximity  to  each  other,  (although  he 
otherwise  seems  incHned  to  entertain  the  supposition  also  of 
dark  central  bodies),  his  behef  was,  (^)  that  they  performed 
within  a  moderate  time  a  revolution  around  their  common 
centre  of  gravity.  Michell,  ('^*)  who  had  no  knowledge  of 
Kant^s  and  Lambert^s  ideas,  was  the  first  who,  with  much 
sagacity,  applied  the  calculus  of  probabilities  to  close  groups 
of  stars,  especially  to  multiple  stars,  binary  and  quaternary. 
He  showed  the  probabiUties  to  be  500,000  to  1  against  the 

K  2 
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juxtaposition  of  the  six  principal  stars  in  the  Pleiades  being 
accidental^  and  thence  inferred  that  their  grouping  must 
rather  be  supposed  to  be  founded  on  some  peculiar  relation 
existing  between  them.  He  felt  so  certain  of  the  existence 
of  luminous  stars  which  move  round  each  other^  that  lie 
proposed  to  apply  these  partial  star-systems  to  the  ingenious 
solution  of  some  astronomical  problems.  {'^) 

The  Manheim  astronomer^  Christian  Mayer^  has  the  great 
merit  of  having  first  (1778)  made  the  double  stars  a  specnl 
object  of  research  by  the  sure  path  of  actual  observation.' 
The  name  which  he  unfortunately  selected  of  '*  fixed-star 
satellites/^  and  the  relations  which  he  thought  he  recognised 
between  stars  2^°  and  2°  55'  distant  from  ArcturuB,  ex- 
posed him  to  the  bitter  attacks  of  his  cotemporaries,  and 
among  the  number  to  the  censure  of  the  great  and  acute 
mathematician^   Nicolaus  Euss.     That  dark  bodies  should 
become  visible  by  reflected  light  at  such  enormous  distances 
was  indeed  improbable.     The  results  of  observations  Gain- 
fully planned  and  executed  were  unfortunately  disregarded, 
because  the  proposed  systematic  explanation  of  the  pheno- 
mena was  rejected ;  and  yet,  in  a  paper  written  in  his  own. 
defence  against  Maximilian  Hell,  Director  of  the  ImperiaL 
Astronomical  Observatory  at  Vienna,  Mayer  had  expressly 
said,  ^^that  the  small  stars  which  are  so  near  large  ones  ma; 
be   either  planets  dark  in  themselves,  but  illuminated  b; 
reflected  light,  or,  that  both  bodies,  i.  e»,  the  principal 
and  its  companion,  may  bock  be  self-luminous  suns  revolvin, 
round  each  other.^^    Long  after  Mayer's  death,  that  which 
important  in  his  works  has  been  gratefully  and  pubKd-;^ 
acknowledged  by  Struve  and  M'adler.     In  his  two  M^noir^Sf 
entitled,  ^' VCTtheidigung  neuer  Beobachtungen  von  Fi 
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stem-trabanteii  (1778),  and  Diss,  de  no  vis  in  Coelo  sidereo 
Phffinomenis  (1779)/'  80  multiple  stars  observed  by  him  are 
desciibed,  among  which  67  are  less  than  32'^  apart.  The 
gieater  number  were  new  discoveries  of  his  own  made  with 
tiie  excellent  eight-feet  telescope  of  the  Manheim  Mural 
quadrant;  ''some  are  still  amongst  the  most  difficult  objects, 
and  which  can  only  be  shown  by  powerful  instruments ;  as 
f>  and  71  Herculis,  c  Lyr»,  and  tj  Piscium.^'  Mayer,  in- 
deed (as,  however,  was  still  done  long  after  his  time),  only 
neasored  distances  in  Bight  Ascension  and  Declination  by 
Us  meridian  instrument;  and  from  his  own  observations, 
ud  those  of  earlier  astronomers,  showed  changes  of  position, 
&om  the  numerical  values  of  which  he  erroneously  did  not 
deduct  what  (in  particular  cases)  belonged  to  the  proper 
motions  of  the  stars  {^^). 

These  slight  but  memorable  beginnings  were  followed  by 
William  Herschel's  colossal  work  on  multiple  stars.  It  em- 
braces a  period  of  more  than  25  years ;  for  although  the  first 
table  of  Herschel's  double  stars  was  published  4  years  after 
Mayer's  Memoir  on  the  same  subject,  yet  Ilerschel's  obser- 
vations go  back  to  1779,  or  even,  if  we  iuclude  his  investi- 
gations on  the  trapezium  in  the  great  nebula  in  Orion,  to 
1776.  Almost  all  that  we  now  know  relative  to  the  several 
classes  of  double  stars  has  its  origin  in  Sir  William  Herschefs 
Work.  He  not  only  gave  in  the  catalogues  of  1782,  1783, 
uui  1804,  the  positions  and  angular  distances  apart  of 
846  double  stars  (^'),  the  majority  of  which  were  discovered 
cxduaivdy  by  himself ;  but  what  is  much  more  important  than 
tiie  increase  of  number,  he  exercised  his  acute  sagacity  and 
tale  spirit  of  observation  on  all  that  relates  to  the  paths, 
apposed  periods  of  revolution,  luminous  intensity,  contrast 
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of  colours,  and  classification  according  to  the  degree  of 
distance  apart,  of  the  double  stars.  Imaginative,  and  yet 
always  advancing  with  caution,  he  expressed  himself,  in  the 
year  1794,  when  distinguisliing  between  optically  and 
physically  double  stars,  in  a  brief  and  preliminary  manner 
respecting  the  nature  of  tlie  relation  subsisting  between  the 
larger  star  and  its  smaller  companion.  Nine  years  after- 
wards, he  first  developed  the  entire  connection  and  mutaal 
dependence  of  the  phenomena,  in  the  93rd  volume  of  the 
Pliilosophical  Transactions.  The  idea  of  partial  star-systems, 
in  which  two  or  more  suns  revolve  around  a  common  centre 
of  gravity,  was  now  firmly  established.  The  powerful 
dominion  of  attracting  forces,  which,  in  our  solar  system, 
extends  to  Neptune,  at  a  mean  solar  distance  30  times 
greater  than  that  of  the  Earth  (or  2488  millions  of 
geographical  miles),  and  even  constrained  the  great  comet 
of  1680  to  return  when  at  a  distance  equal  to  28  distances 
of  Neptune,  or  70,800  milHons  of  geographical  miles, — also, 
reveals  itself  in  the  motion  of  the  double  star  61  Cygni, 
which,  in  correspondence  with  a  parallax  of  0''''3744,  is 
18,240  distances  of  Neptune,  or  550,900  semi-diameters 
of  tlie  Earth's  orbit,  or  11,394,000  German  or  45,576,000 
EngUsh  millions  of  geographical  miles  from  our  sun.  If, 
however,  the  causes  and  the  general  connection  of  the 
phenomena  were  very  distinctly  recognised  by  William 
Herschel,  yet  in  the  first  ten  years  of  the  19th  century,  the 
angles  of  position  derived  from  his  own  observations,  and 
from  older  star-catalogues  employed  without  suflScient  care, 
belonged  to  epochs  too  close  together,  to  admit  of  the  periods 
of  revolution  or  the  elements  of  the  orbits  being  derived- 
with  due  certainty  from  the  several  numerical  values.     Sir 


POSnON  OF  THE  COSMOS. — MULTIPLE  STaUS.  205 

John  Uerschel  himself  notices  the  very  uncertain  assign- 
ments of  the  periods  of  a  Geminorum  (334  years  instead  of, 
according  to  M'adler,  520),  (^) ;  of  y  Virginias  (708  years 
instead  of  169);  and  of  y  Leonis  (1424  of  Struve^s  great 
catalogue),  a  superb  pair  of  stars,  golden  yellow  and  reddish- 
green  (1200  years). 

After  William  Herschel,  the  foundations  of  this  impor- 
tant branch  of  astronomy  were  laid  in  a  more  thorough  and 
•pedal  manner  by  Strove  (Senior),  1813 — 1842,  and  Sir 
John  Herschel^  1819 — 1838,  with  admirable  activity  and 
by  the  aid  of  highly  improved  instruments  (more  |)articu- 
^ly  in  micrometric  apparatus).     Strove  published  his  iirst 
l>orpat  Table  of  double  stars  (796  in  number;   in  1820. 
Tills  was  followed  in  1824  by  a  second,  containing  3112 
doable  stars  down  to  the  9th  magnitude  at  di-stancc-s  a|iart 
less  than  32'^^  only  about  one-sixth  of  which  had  U:^;ii  pre- 
▼icmsly  seen.     For  the  execution  of  thw  work,  120000  iixf-A 
stars  had  been  examined  in  the  great  Fniijidiofrrr  n:fnir;tor. 
Struve's  third  Table  was  publi^^hed  in  Ih'jT,  and  fomi*  th#: 
^'fiportant  work  entitled,  **  Stellaram  Comiy/*ritariiiii  Mf-M- 
^'^  micrometricse.'^  (^)     It  contains,  ififzstirA  itii^/'Mrtzly 

^Dserved  objects  being  carefully  t)Lf:lwM,;  'ZT^J  inultipk 
«tats. 

Daring  Sir  John  Herscher»  four  y^urs^  r*Avi/rf*/>:  sit.  K':l/1- 
''^Uscn,  at  the  Cape  of  Goo*!  Hoy:,  a  r*:*:':/:.v:/:  whi/;h 
institutes  an  epoch  in  r*:spect  to  thft  ifior:  t^vu^,  t//j#^/jj{f j^ 
phical  knowledge  of  the  southern  h^veri*,  hU  (Ae^iy*rrAth/'jz 
^'^hed  the  de[iartinent  of  a.^.rofiOffiy  »h:/.r*  n^:  s»f<:  uow 
^Hsidering  by  upwarrb  of  2100  Ao^AtJ:  vf,hn,  t^ui/.U,  i*ith 
*  few  exceptions,  liad  ne^/er  zAfzti  f,c/^,n*:f\  it^^ot^z,  "^^  Ail 
^*^€8e  Africau  obcer'stfir/iLf  ii«»t  u,isu>,  nhi*  w  t*^^»t^-&*i 
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reflector;  they  are  reduced  to  1830^  and  are  arranged  in 
6  Catalogues^  which  contaiu  3346  double  stars^  and  were 
presented  by  Sir  John  Herschcl  to  the  Boyal  Ajstronominl 
Society  of  London,  for  the  6th  and  9th  parts  of  their 
valuable  memoirs.  (***)  In  the  European  portion  of  theae 
catalogues,  there  are  included  380  double  stars  which  irerc 
observed  in  1825  by  the  above-named  celebrated  astro- 
nomer, conjointly  with  Sir  James  South. 

We  see  by  this  historical  account,  how,  in  the  coone 
of  half  a  century,  science  has  gradually  arrived  at  m 
extensive  and  accurate  knowledge  of  partial,  and  more 
particularly  of  binary,  star  systems  existing  in  space.  The 
number  of  double  stars  (including  those  both  optically  and 
physically  double)  may  now  be  estimated  with  some  degree 
of  security  at  6000,  including  those  observed  by  BetRl 
with  the  fine  Fraunhofer  heliometer,  by  Argelander  (***) 
at  Abo  (1827—1835),  by  Encke  and  Galle  at  B«lin 
(1836  and  1839),  by  Preuss  and  Otto  Struve  at  Pulkova 
(since  the  Catalogue  of  1837),  by  Madler  at  Dorpat,  ud 
by  Mitchell  at  Cincinnati  in  Ohio  with  a  17  feet  Munich 
Refractor.  In  how  many  of  these  cases  the  stars  seen  in 
close  proximity  in  the  telescope  are  really  connected  with 
each  other  by  immediate  relations  of  attraction,  forming  par- 
ticular systems  and  revolving  in  closed  orbits, — u  e,  bow 
many  are  what  are  called  physically  double  stars, — is  an 
important  question,  but  one  difficult  to  answer.  More  and 
more  revolving  companions  are  gradually  being  discovered. 
Extraordinary  slowness  of  motion,  or  the  circumstanoe  of 
the  direction  of  the  plane  of  the  orbit,  as  it  presents  itself 
to  our  eyes,  being  such  that  the  position  of  the  moving  star 
is  nnfavourable  for  observation,  may  long  cause 
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doable  stars  to  be  included  by  as  i^nong  optically  doable 
iters  in  which  the  proximity  is  only  apparent     But  a  dis- 
tinctly recognised  measurable  motion^  such  as  we  have  been 
ipeaking  of^  is  not  the  only  criterion;   Argelander  and 
Bessel  have  sho¥ni^  in  a  considerable  number  of  multiple 
itarsy  a  perfectly  equal  proper  motion  in  space  (i.  e.  a  com- 
mm  progressive  movement,  such  as  that  of  our  own  solar 
system,  including,  together  with  the  Sun,  all  its  planets  and 
siteDites),  which  testifies  in  favour  of  the  principal  stars  and 
Steb  companions  being  respectively  connected  with  each 
other  by  a  true  and  actual  relation,  fonning  separate  partial 
systems.     Madler  has  made  the  interesting  remark  that, — 
tbeieas  in  1836,  among  2640   catalogued   double  stars, 
tbere  were  only  58  in  which  a  difference  of  relative  position 
U  been  observed  with  certainty,  and  105  in  which  such 
s  difference  could  be  r^arded  as  indicated  with  a  greater  or 
less  d^ree  of  probability, — the  proportion  of  physical  to 
(qitical  double  stars  is  now  so  changed  in  favour  of  the 
bst,  that  among  6000  multiple  stars  there  are,  according 
to  a  Table  pubhshed  in  1849,  six  hundred  and  fifty  C^') 
ifl  which  an  alteration  of  relative  position  can  be  demon- 
siiated.     The  earlier  ratio   gave  1  in  16,  the  latter  one 
•heady  gives  1  in  9,  for  the  proportion  of  cases  in  which 
^  motions  of  the  principal  star  and  its  companion  show 
ftese  celestial  bodies  to  be  physically  double. 

The  relative  distribution  of  binary  star-systems,  not  only 
in  the  celestial  spaces  generally,  but  even  simply  on  the  ap- 
Pv^t  heavenly  vault,  has  as  yet  been  but  httle  examined 
Bumeneally.  In  the  Northern  Hemisphere,  double  stars  are 
nH)st  frequent  in  the  direction  of  certain  constellations  (An- 
dvomeda^  Bootes,  the  Great  Bear,  the  Lynx,  and  Orion), 
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In  the  Southern  Hemisphere,  we  have  from  Sir  John  Her- 
schel,  the  unexpected   result  that,  ^'in  the  extra-tropical 
parts,  the  number  of  multiple  stars  is  much  less  than  in  the 
corresponding  parts  of  the  Northern  Hemisphere/'    And  yet 
these  fair  southern  regions  were  examined  with  an  excellent 
20-feet  reflector,  which  separated  stars  of  the  8th  magnitude 
in  distances  of  only  three-fourths  of  a  second  apart,  under  the 
most  favourable  atmospheric  conditions,  and  by  a  most  prac- 
tised observer,  i^^) 

An  exceedingly  remarkable  peculiarity  of  multiple  stars, 
consists  in  the  occurrence  among  them  of  contrasted  co- 
lours. Struve,  in  his  great  work  published  in  1837,  gave 
the  follo\\dng  results  in  respect  to  colours,  derived  from 
600  of  the  brightest  double  stars,  i^^)  In  375  cases,  the 
colour  of  the  principal  star  and  the  companion  was  the 
same,  and  equally  intense.  In  101,  the  colour  was  the  same, 
but  a  difl*erence  of  intensity  was  perceived.  The  cases  of 
double  or  multiple  stars  having  entirely  different  colours, 
were  120  in  number,  or  one-fifth  of  the  whole;  whereas 
uniformity  of  colour  between  the  principal  stars  and  their 
companions,  extended  to  four-fifths  of  the  entire  carefnlly 
examined  mass.  In  almost  half  the  600  cases,  both  the 
principal  star  and  the  companion  are  white.  Among  those 
in  which  the  colours  are  different,  combinations  of  yellow 
and  blue  (as  in  i  Cancri),  and  of  reddish-yellow  and  green  (as 
in  the  ternary  star  y  Andromedse),  i^^^)  are  very  frequent. 

It  was  Arago  who  in  1825  first  called  attention  to  <he 
circumstance,  that  in  most,  or  at  least  in  very  many  cases, 
the  diversity  of  colour  in  binary  systems  appeared  to  have 
reference  to  comple^mntary  colours  (i.  e,  to  the  subjective  re- 
lation between  colours,  the  union  of  which  forms  white).  (*') 


PORTION  OF  THB  COSMOS. — MULTIPLE  STARS.  209 

Lt  is  a  well-known  optical  phenomenon,  that  a  faint  white 
light  appears  green,  when  a  strong  (intense)  red  light  is 
biongbt  near  to  it ;  and  that  white  light  becomes  blue,  when 
the  snrroanding  stronger  light  is  yellowish.    Arago,  however, 
caatioasly  and  jastly  remarked,  th^t,  although  the  green  or 
the  blue  colour  of  the  companion  may  sometimes  be  the  result 
of  contrast  with  the  brighter  star,  yet  that  the  actual  existence 
of  green  or  of  blue  stars  is  by  no  means  to  be  denied.  (**'*) 
He  gives  instances  in  which   a  bright  white   vstar  (1527 
leonis,  1768  Can.  ven.)  is  accompanied  by  a  small  blue 
star;  cites  a  double  star  (8  Serp.),  in  which  both  the  prin- 
cipal star  and  its  companion  are  blue;  {^^)  and  proposes 
a  mode  of  examining  whether  the  contrasted  colour  is  merely 
subjective,  by  covering  the  principal  star  in  the  telescope, 
^ben  the  distance  permits,  by  a  wire,  or  by  a  diaphragm. 
Usually   it  is  the   smallest  star  only  which   is   blue ;   it 
is  otherwise,   however,    in    the   double   star   23    Ononis 
(696  of  Struve's  catalogue,  p.  Ixxx),  in  wliich  tlie  principal 
star  is  bluish,  and  the  companion  pure  wliite.     If,  in  the 
multiple  stars,  the  different  coloured  suns  are  often   sur- 
^unded  by  planets  invisible  to  us,  such  planets  must  be 
variously  illuminated,  having  their  white  and  blue,  or  their 
^  and  green  days.  {^) 

As  we  have  already  seen  (®*^)  in  a  preceding  section,  that 
tte  periodical  variability  is  not  necessarily  associated  witli  a 
^  or  reddish  colour,  so  also  neither  is  colour  in  general, 
iJor  a  contrasted  diversity  of  colour  in  the  principal  star  and 
^ts  companion  in  particular,  a  characteristic  of  double  stars, 
^omstances,  which  we  find  to  be  frequent,  are  not  there- 
fore general  and  necessary  conditions  of  the  phenomena, 
whether  of  the  periodical  variation  of  the  light  of  stars,  or 
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of  the  revolation  of  sidereal  bodies  in  partial  systems  nnmd 
a  common  centre  of  gravity.    A  carefol*  ezaminaiion  of  the 
brighter  double  stars  (coloor  is  still  determinable  in  stanrf 
the  9th  magnitude)^  teaches  us  that^  besides  pore  white,  iD 
the  colours  of  the  solar  spectrum  are  to  be  found  in  douUe 
stars ;  but  that  the  principal  star^  when  not  white,  genenllf 
approximates  to  the  red  extreme,  namely,  that  of  the  lant 
refrangible  rays,  and  the  companion  to  the  violet  extieaie, 
or  that  of  the  most  refrangible  rays.    The  reddish  stan 
are  twice  as  frequent  as  the  blue   and  bluish,  and  the 
white  are  about  twice  and  a  half  as  numerous  as  the  red  snd 
reddish.     It  is  also  to  be  remarked,  that  usually  a  great 
difference  of  colour  is  combined  with  a  considerable  differ- 
ence in  the  intensity  of  the  light.    In  two  pairs  of  sten, 
which^  from  their  great  brightness,  can  be  easily  measured 
in  the  daytime  with  powerful  telescopes, — Z  Bobtis  and  y 
Leonis^ — ^the  first-named  pair  consists  of  two  white  stan  of 
the  3rd  and  4th  magnitudes,  and  the  latter  of  a  principal  star 
of  the  2m.,  and  a  companion  of  the  3* 5m.    This  last-named 
star  (y  Leonis)  is  said  to  be  the  finest  double  star  of  the 
Northern  Hemisphere,  but  a  Centauri  ("^)  and  a  C^ocis,  of 
the  Southern  Heavens,  surpass  all  other  double  stars  in 
brilliancy.     As  in  Z  Bootis,  so  also  in  a  Centauri  and  y 
Yirginis,  we  remark  the  rare  combination  of  two  large  stan 
having  but  little  inequality  of  light. 

Respecting  variabihty  of  brightness  in  multiple  stars,  and 
especially  respecting  variabihty  in  the  companion,  unanimity 
and  certainty  do  not  yet  prevail.  We  have  already  spoken 
more  than  once  (^')  of  the  somewhat  irregular  variability  of 
the  brightness  of  tlie  principal  star  of  a  yellowish-red  colour, 
in  a  Herculis.    Also  the  variation  of  brightness,  observed  by 
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Struve  (18S1-18SS),  in  the  nearly  equally  bright  yellowish 

8tin  (3id  magnitude)  of  the  doable  star  y  Viiginis  and 

AiMnu  2718,  may  perhaps  indicate  a  very  sloir  rotation 

HDOnd  the  axes  of  those  two  sons.  (^)    Whether  any  actual 

ehmge  of  odour  has  eyer  taken  place  in  double  stars  (7 

Looms  and  7  Ddphini?),  whether  white  light  ever  becomes 

coloured  in  them, — as  we  know  that  inversely  in  Sinus, 

vUdi  18  a  single  star,  ccdonred  light  has  become  white, — is 

ilffl  undecided ;  (^)  when  the  differences  in  question  only 

kvB  rrf(Qcenoe  to  fiednt  shades  of  colour,  oi^nic   indivi- 

liB%  in  the    observers,    and  when   refractors  are  not 

enqdoyed,  the  (^n  reddening  influence  of  the  metallic 

ipcidum  in  telescopes,  are  to  be  taken  into  account. 

Among  the  multiple  stars,  or  systems,  I  may  cite: — 

!    imary ;  ^  Libre,  Z,  Oancri,  12  Lyncis,  11  Monoceritis :  ~ 

I    <|ttteniary;  102  and  2681  of  Struve's  catalogue,  a  Andro- 

:    iiede  and  c  Lyrse : — and  a  six-fold  combination  in  B  Ononis, 

^  celebrated  trapezium  in  the  great  nebula  in  Orion^  pro- 

Wbly  forming  a  single  physical  system  united  by  laws  of  mu- 

tal  attraction,  since  the  five  smaller  stars  (6'3m.;  7m.;  8m.; 

U*3m. ;  and  12m.)  follow  ^he  proper  motion  of  tlie  princijial 

to  (4'7m).     As  yet,  however,  no  change  in  their  relative 

positions  has  been  observed.  (***)     In  two  tenmry  niultiiJo 

tes,  5  Librae  and  ^  Cancri,  the  movement  of  revolution  of 

Wth  companions  has  been  recognised  with  groat  certainty ; 

I  Cancri  consists  of  three  stars  differing  but  little  in  bright- 

M«,  being  all  of  the  8rd  magnitude,  and  the  nearer  com- 

pmion  appears  to  have  a  ten  times  quicker  motion  than 

;    the  more  distant  one. 

The  number  of  double  stars,  in  which  it  has  been  possible 
to  oompute  the  elements  of  the  orbits,  is  given  at  present 


212  SPECIAL  RESULTS  IN  THE  UEAN0L06ICAL 

as  from  14  to  16.  ("^)  Of  these  2  Herculis,  since  its  first 
discovery,  has  already  twice  completed  its  circuit  of  revolu- 
tion; and  in  so  doing  has  presented  (in  1802  and  1831) 

• 

the  phenomenon  of  the  apparent  occultation  of  one  fixed 
star  by  another.     We  are  indebted  for  the  earliest  calcula- 
tions of  the  orbits  of  double  stars  to  the  industry  of  Savary 
(in  the  case  of  S  Ursse  majoris),  Encke  (70  Ophiuchi),  and 
Sir  John  Herschel ;  and  they  have  been  since  followed  bf 
Bessel,  Struve,  M'adler,  Hind,  Smyth,  and  Captain  Jacob. 
Savary^s  and  Encke's  methods  require  four  complete  obsem* 
tions   sufficiently  distant  from  each  other.     The  shortesfc 
periods  of  revolution  yet  known  are  of  30,  42,  58,  and  11 
years,  intermediate,  therefore,  between  those  of  the  plants 
Saturn  and  Uranus;  the  longest  periods  yet  determined 
with  any  degree  of  certainty  exceed  500  years,  or  are  about 
three  times  as  long  as  that  of  Le  Verrier's  planet  Neptune. 
According  to  the  investigations  hitherto  made,  the  excen- 
tricity  of  the  orbits  of  double  stars  appears  to  be  extremdj 
considerable,  resemWing  that  of  comets ;  in  the  case  of  9 
CoronjB  it  is  0-62,  in  that  of  a  Centauri  0-95.    The  least  ex- 
centric  internal  comet,  that  of  FayCjhas  an  excentricity  of  0'58i 
or  less  than  that  of  the  orbits  of  the  two  double  stars  jn* 
named ;  excentricities  much  smaller  are  presented,  according 
to  Madler's  and  Hind's  calculations,  by  ij  Coronse  and  Castor^ 
being  0*29  in  the  former,  and  0*22  or  0*24  in  the  latter 
In  these  double  stars,  therefore,  the  suns  describe  ellip 
which  approximate  closely  to  those  of  two  of  the  small' 
planets  of  our  solar  system,  as  the  orbit  of  Pallas  has 
excentricity  of  0*24,  and  that  of  Juno  0*25. 

If  with  Encke  we  regard  the  brighter  of  the  two  stars  "^^ 
a  binary  system  as  being  in  repose,  and  accordingly  refer     ^ 


POETIOX  OP  THE  COSMOS. — MULTIPLE  STARS.  213 

it  the  motions  of  its  companion,  we  find,  from  the  observa- 
tions hitherto  made,  that  the  companion  describes  round 
the  principal  star  a  conic  section  in  the  focus  of  which  the 
latter  is  placed ;  or  an  ellipse  in  which  the  radius  vector 
of  the  revolving  body  passes   over  equal   areas   in   equal 
times.    Exact  measurements  of  angles  of  position  and  of 
distances,  adapted  for  determinations  of  orbits,  have  already 
Aewn,  in  the  case  of  a  considerable  number  of  double  stars, 
that  the  companion  moves  round  the  principal  star  con- 
aiered  as  a  body  at  rest,  in  obedience  to  the  same  gravi- 
tating forces  which  prevail  in  our  solar  system.     This  well- 
atablished  conviction,  gained  within  scarcely  a  quarter  of 
a  century,  marks  one  of  the  great  epochs  in  the  histor}-  of 
fte  development  of  the  higher  cosmical  knowledge.     Celes- 
tial bodies^  to  which  the  name  of  fixed  stars  (assigned  by 
ancient  usage)   is  still  given,   although  they  are  neither 
affixed  to  the  heavenly  vault  nor  motionless,  have  been  seen 
to  occult  each  other.     The  knowledge  of  the   existence  of 
partial  systems,  the   several  parts  of  which  have  motions 
leferable  to  and  dependent   on   each   other,  extends   our 
^ws  the  more  widely   as  those  motions  are   again  sub- 
wdinated  to  more  general  ones. 

The  table  on  the  next  page  contains  the  Elements  of  the 
ort)it8  of  six  double  stars,  the  determinations  of  w  hich  ap- 
pear entitled  to  principal  confidence. 
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Elements  of  the  Obbits  of  Doitblb  Stabs. 


Name. 

Semi 
Major  Axis. 

Eccentri- 
city. 

Period  of 

Revolution 

IN  Years. 

CoMFuni. 

1.  K  Ursa  M^j.    . . . 

3*-857 

0*4164 

58-262 

Savaiy,  in  1830. 

n 

3*'278 

0"3777 

60-720 

John  Hencbel, 
Table  of  1849. 

»> 

2^-295 
4^-328 

0-4037 

61-300 

Madler,  1847. 

2.  p  Ophiuchi 

0-4300 

73-862 

Encke,  1888. 

3.  ^Hcrculis  

F-208 

0-4320 

30-22 

Madler,  1847. 

4.  Castor 

8^-086 

07582 

252-66 

John  Hencbd, 
Table  ofl  849. 

)i 

5''-692 

0-2194 

519-77 

Madler,  1847. 

»> 

6^-300 

0-2405 

632-27 

Hind,  1849. 

5.  y  Virginia   

3*-580 

0-8795 

18212 

John  Herechel, 
Table  of  1840. 

»> 

3*863 

0-8806 

169-44 

Madler,  1847. 

6.  a  Centauri  

15'-500 

0-9500 

77-00 

Captain  Jacob,  1848. 
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VII. 


IHE  NEBTTLiE. — ^WHETHEK  ALL  KEBUL^  ARE  inCBELT  REMOTE 

< 

ANB    VERY    DENSE    CLUSTERS    OJ    STARS  ?  -  THE    TWO 
XAGELLANIC    CLOUDS   IN   WHICH   XEBULE   AND   NUME- 

EOUS  CLUSTERS   OF   STARS  ARE  CROWDED  TOGETHER. 

THE  BLACK  PATCHES  OR  '*  COAL-SACKS^'  OP  THE  SOUTHERN 
CELESTIAL  HEMISPHERE. 

BESIDES  the  visible  celestial  bodies  which  shine  with  sidereal 

light,— either  by  their  own  proper  light,  or  by  planetary  illu- 

Jnination,  either  isolated,  or  variously   associated  forming 

multiple  stars  and  revolving  round  a  common  centre  of 

gravity, — ^we  behold   also   other  forms  or  masses  having 

*  milder,  fainter,  nebulous,  lustre  {^^^),     These, — ^which  are 

seen  in  some  instances  as  small  disk-shaped  luminous  clouds 

having  a  well-defined  outline,  whilst  in  other  instances  their 

forms  vary  greatly,  their  boundaries  are  ill-defined,  and  they 

Me  spread  over  much  wider  spaces  in  the  sky, — appear  at 

fte  first  glance,  to  the  assisted  eye  which  views  them  through 

^^  telescope,  to  differ  altogether  from  the  heavenly  bodies 

^hich  have  been  treated  of  in  detail  in  the  four  preceding 

^ons.    As  astronomers  have  been  inclined  to  infer  from 

fte  observed  but  hitherto  unexplained  movements  of  visible 

^  (^9)  the  existence  of  other  unseen  celestial  bodies, 
vou  m.  p 
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SO  the  experience  of  the  resolvability  of  a  considerable 
number  of  nebolse  has  led  in  the  present  and  most  recent 
times  to  inferences  as  to  the  non-existence  of  any  true 
nebula;,  and  even  of  any  cosmical  or  celestial  nebulosity 
whatsoever.  Whether,  however,  the  well-defined  uebulse  of 
which  I  have  spoken  be  indeed  composed  of  self-luminous 
nebulous  matter,  or  whether  they  are  merely  remote,  closely 
crowded,  and  rounded  clusters  of  stars,  they  must  ever  con- 
tinue to  be  regarded  as  highly  important  features  in  our 
knowledge  of  the  arrangement  of  the  structure  of  the  Uni- 
verse and  of  the  contents  of  celestial  space. 

The  number  of  nebulae  whose  places  in  Bight  Ascension 
and  Declination  have  been  determined  already  exceeds  3600, 
and  some  of  those  of  irregular  form  and  indefinite  outline 
extend  over  a  breadth  equal  to  eight  diameters  of  the  moon. 
According  to  a  former  estimate  of  William  Herschel  (made 
in  1811),  at  least  -j-f-o-  of  the  entire  surface  of  the  heavens  is 
occupied  by  nebulae.  Seen  through  colossal  telescopes  their 
contemplation  leads  us  into  regions  from  whence,  according 
to  no  improbable  assumptions,  a  ray  of  light  requires  millions 
of  years  ere  it  can  reach  our  eyes, — to  distances  for  which 
the  dimensions  of  the  nearest  sidereal  stratum  (distances  of 
Sirius,  or  the  calclilated  distances  of  the  double  stars  in 
Cygnus  and  Centaurus),  scarcely  afford  an  adequate  unit  of 
measure.  Supposing  the  well-defined  nebulse  to  be  ellip- 
tical or  spherical  clusters  of  stars,  then  their  '^  conglome- 
ration^'  itself  indicates  the  existence  of  some  mysterious  < 
mode  of  action  in  the  gravitating  forces  whose  influence 
they  obey.  If,  on  the  other  hand,  they  are  vaporous  masses 
having  one  or  more  nebulous  nuclei,  then  the  difference  of 
the  degree  of  condensation  exhibited  tells  us  of  the  poaeo* 
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hBiiy  of  a  process  of  gradual  formation  of  stars  from  uncon- 
solidated matter.  No  other  class  of  cosmical  forms^  no 
other  objects  of  contemplative  rather  than  of  measuring 
astronomy,  are  so  highly  iStted  to  engage  and  exercise  the 
power  of  imagination,  not  simply  as  a  symbolical  image  of 
the  infinite  in  space,  but  also  because  the  examination  of 
different  states  or  forms  of  being,  and  their  conjectural  con- 
nection as  stages  of  existence  at  successive  periods  of  time, 
hold  out  a  hope  of  insight  into  an  antecedent  process  of  for- 
mation (360). 

The  historical  development  of  our  present  degree  of  know- 
ledge respecting  nebulae  teacher  us  that  in  this  as  in  almost 
all  other  departments  of  natural  knowledge,  the  same  oppo- 
site opinions  which  are  now  supported  by  numerous  adhe- 
rents were  long  ago  similarly  defended,  although  on  much 
feebler  grounds.  Since  the  general  employment  of  telescopes, 
we  see  Galileo,  Dominique  Cassini,  and  the  sagacious  John 
Mitchell,  regarding  all  nebulae  as  remote  groups  or  clusters 
of  stars  j  while,  on  the  other  hand,  Halley,  Derham,  Lacaille, 
Kant,  and  Lambert,  maintained  the  existence  of  starless 
nebulous  masses.  Kepler,  (as  well  as,  previous  to  the  appli- 
cation of  telescopic  vision,  Tycho  de  Brahe),  was  a  zealous 
supporter  of  the  theory  of  the  formation  of  stars  from  cos- 
^cal  nebulous  matter,  by  the  condensation  of  celestial 
vapours  into  spherical  bodies.  He  believed,  "  coeli  materiam 
tenuissimam^^  (the  nebulosity  which  shines  in  the  Milky  Way 
with  a  mild  sidereal  light)  '^  in  unura  globum  condensatam 
*Wlam  effingere  j'^  he  based  his  opinion  not  on  a  process  of 
^ndensation  taking  place  in  the  well-defined,  rounded 
^bnte,  for  these  were  unknown  to  him,  buiK)n  the  sudden 
^^m^  forth  of  new  stars  on  the  margin  of  the  Galaxy. 
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The  history  of  our  knowledge  of  nebulae,  if  we  r^ard 
principally  therein  the  number  of  discovered  objects,  their 
thorough  examination  by  the  telescope,  and  an  extensive 
generalization  of  views,  may,  like  that  of  double  stars,  be  said 
to  begin  with  William  Herschd.     Until  his  time  there  were 
in  both  hemispheres  (including  Messier's  meritorious  la- 
bours), only  120  unresolved  nebulae  whose  positions  were 
determined ;  whilst  as  early  as  1786,  the  great  Astronomer  of 
Slough  published  his  first  catalogue  containing  1000.   I  have 
noticed  in  detail  in  the  earlier  part  of  this  work  that  what  were 
called  by  Hipparchus  and  Geminus  in  the  Catasterisms  of 
the  Pseudo-Eratosthenes,  and  by  Ptolemy  in  the  Almagest, 
'^  nebulous- stars,'^  (vc^fXoei^cic),  are  clusters  of  telescopic 
stars,  which,  seen  by  the  naked  eye,  have  the  appearance  of 
patches  of  nebulous  light  (^^i).    The  same  appellation,  undw 
the  Latinised  form  of  "  Nebulosse,'^  passed  in  the  middle  of  the 
1 3th  century  into  the  Alphonsine  Tables ;  probably  through 
the  predominating  influence  of  the  Jewish  Astronomer,  Isaac 
Aben   Sid   Hassan,   chief  of    the  wealthy  synagogue  at 
Toledo.     The  Alphonsine  Tables  first  appeared  in  print  at 
Venice  in  1483. 

We  find  in  an  Arabian  astronomer  of  the  middle  of  the 
tenth  century,  Abdurrahman  Sufi,  of  Irak  in  Persia,  the 
first  notice  of  what  is  now  known  to  be  a  wonderful  assem- 
blage consisting  of  a  countless  host  of  true  nebulae  inter- 
spersed with  star  clusters.  The  '^  White  Ox"  which 
Abdurrahman  saw  shining  with  a  milky  brightness  far  down 
below  Canopus,  was  doubtless  the  larger  Magellanic  Cloud, 
which  has  an  apparent  breadth  of  almost  twelve  diameters  of 
the  moon,  and  covers  a  space  of  42  square  degrees  in  the 
heavens;  and  which  is  first  mentioned  by  European  tra- 
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vellers  at  the  commencement  of  the  16th  century,  although 

Northmen  had  advanced  along  the  West  Coast  of  Africa  as  far 

as  Sierra  Leone  in  8  J^°  N.  kt.  nearly  two  hundred  years  before 

I*").     It  might  have  been  expected  that  a  shining  nebulous 

mass  of  such  great  extent,  and  perfectly   visible  to  the 

unassisted  eye,  would  have  sooner  attracted  attention  (^63^^ 

The  first  detached  nebula  which  was  seen  and  recognised 

as  soch  by  telescopic  observation,  and  conmiented  upon  as 

faemg  destitute  of  stars  and  as  being  an  object  of  a  peculiar 

land,  was  that  near  the  star  v  Andromedse,  and  which, 

like  the  Nubeculse,  is  visible  to  the  naked  eye.     Simon 

Marius  (Mayer  of  Gunzenhausen  in  Franconia),  who  was 

first  a  musician  and  then  court  mathematician  to  a  Margrave 

of  Cnhnbach,   the  same  who  saw  Jupiter's  satellites  nine 

Ays  before  they  were  seen  by  Galileo,  (^64)  has  also  the 

merit  of  having  given  the  first,  and,  indeed,  a  very  accurate 

fecription  of  a  nebula.      In  the  preface  to  his  Mundus 

Jovialis,  (3^)  he  relates  that,  on  the  15th  of  December, 

1612,  he  discovered  a  fixed  star  different  in  appearance  from 

anything  which  he  had  ever  before  seen.     It  was  situated 

Dear  the  third  and  northernmost   star  in  the   girdle   of 

Andromeda  :  seen  with  the  unassisted  eye  it  appeared  only 

like  a  small  cloud,  and  viewed  through  the  telescope  he 

could  find  in  it  nothing  resembling  stars ;  in  which  respect 

It  differed  from  the  nebulous  stars  in  Cancer,  and  from 

other  nebulous  groups.     All  that  could  be  distinguished  was 

^  white  shining  appearance,  brighter  in  the  centre  and  fainter 

towards  the  margin.     The  whole,  which  was  about  a  fourtli 

of  a  degree  in  breadth,  resembled  a  light  seen  from  a  distance 

shining  through  semi-transparent  horn  (as  in  a  lantern) : 

"sunilis  fere  splendor  apparet,  si  a  lougiuquo  candela  arden 
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per  cornu  pellucidum  de  noctu  cernatur/'  Simon  Mariw 
goes  on  to  ask  himself  whether  this  singular  star  may  be  one 
which  has  newly  appeared :  he  declines  giving  any  decided 
reply  to  liis  own  question,  but  is  struck  by  the  circnmstance 
that  Tycho  Brahe,  who  had  enumerated  all  the  stars  in  the 
girdle  of  Andromeda,  had  not  spoken  of  this  '^  nebnlosa." 
Thus,  in  the  Mundus  Jovialis,  published  in  1614,  wefind^  as 
I  have  already  remarked  {^^^),  an  enunciation  of  the  difference 
between  an  unresolvable  nebula  (unresolvable,  that  is  to  say, 
by  the  telescopic  powers  then  available), — and  a  '^  cluster  of 
stars''  (German,  "  Sternhaufen,''  French,  '^  Amas  d'^toiles"), 
in  which  the  crowding  together  of  many  small  stars^  each  of 
which  taken  separately  would  be  invisible  to  the  naked  eye, 
causes  an  appearance  of  nebulous  light.  Notwithstanding 
the  great  improvement  in  optical  instruments,  the  nebula  in 
Andromeda  continued  for  almost  two  centuries  and  a  half 
to  be  regarded,  as  at  the  time  of  its  discovery,  as  starless, 
until,  two  years  ago,  George  Bond,  at  the  Transatlantic 
Observatory  of  Cambridge  in  the  United  States,  recognised 
1500  small  stars  within  its  limits.  Although  its  nucleus  is 
still  unresolved,  I  have  not  scrupled  to  class  it  among  star 
clusters  (^^7). 

We  can  only  attribut-e  to  a  singular  accident  the  circum- 
stance that  GaUleo,  who  before  1610,  when  the  Sideieus 
Nuntius  appeared,  had  already  occupied  himself  repeatedly 
with  the  constellation  of  Orion,  mentions  subsequently  in 
his  Saggiatore,  when  he  might  have  long  been  acquainted 
from  the  Muiidus  Jovialis  with  the  discovery  of  the 
starless  nebula  in  Andromeda,  no  other  nebulae  in  the 
heavens  than  those  which  even  his  feeble  optical  instru- 
ments resolved  into  clusters  of  stars.    What  he  terma  the 
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''Nebolose  del  Orione  e  del  Presepe^^  are  spoken  of  by 
bimaelf  as  nothing  but ''  accumulations  (coaccrvazioni)  of  a 
countless  number  of  minute  stars^^  P^s).     He  forms  oue 
after  another,  under  the  delusive  names  of  Nebulosse  Capitis, 
Gmguli,  et  Ensis  Ononis,  star  clusters,  in  which  he  rejoices 
at  having  discovered  400  previously  unenumerated  stars 
in  a  space  of  1  or  2  degrees ;  nor  does  he  ever  speak  of  any 
luuesolved  nebula : — how  can  it  have  happened  that  the  great 
nebula  in  Orion's  sword  should  have  escaped  his  notice,  or 
fidled  to  rivet  his  attention  P    But  although  it  seems  pro- 
bable that  Galileo  never  observed  either  the  large  amorphous 
flebola  in  Orion,  or  the  round  disk  of  a  so-called  unresolvable 
i^abaky  yet  his  general  views  {^^^)  respecting  the  internal 
nature  of  nebulae  were  very  similar  to  those  to  which  the 
Plater  number  of  astronomers  are  now  inclined.  Like  Galileo, 
Bevdius  of  Dantzic  (a  distinguished  observer,  but  who  was 
favourable  p70)  to  the  use  of  telescopes  in  the  formation  of 
^tar-catalogues),  no  where  mentions  in  his  writings  the  great 
Nebula  in  Orion.     His  tables,  indeed,  scarcely  contain  as 
^any  as  16  nebulae  having  their  positions  determined. 

At  last,  in  1656,  Huygens  (37i)  discovered  the  nebula 
^  Orion's  sword,  to  which,  from  its  extent,  its  form,  and 
from  the  number  and  celebrity  of  its  later  investigators,  so 
^Uch  importance  has  attached;  and  in  1676  Ficard  was  in- 
duced to  devote  to  it  his  diligent  attention.  Edmund 
Halley  during  his  visit  to  St.  Helena  (1677)  first  deter- 
mined the  positions  of  some,  though  exceedingly  few,  of  the 
^^ebulae  of  the  southern  hemisphere,  in  parts  of  the  heavens  not 
^sible  in  Europe.  The  strong  predilection  which  the  great 
^^i^ni  (Jean  Dominique),  entertained  for  all  parts  of  con- 
^mplative  astronomy,  led  him,  towards  the  end  of  the  17th 
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century,  to  undertake  a  more  careful  examination  of  the 
nebula)  of  Andromeda  and  Orion.     He  thought  that  he 
perceived  changes  in  the  latter  since  the  time  of  Huygens; 
and  that  he  even  discerned  in  the  nebula  in  Andromeda 
"  stars  which  cannot  be  seen  with  less  powerful  telescopes /' 
We  have  reason  to  believe  that  he  was  mistaken  inr^ardto 
the  supposed  alterations  in  the  nebula  in  Orion,  but  since 
the  remarkable   observations  of  George  Bond  the  same 
cannot  altogether  be  said  in  regard  to  the  existence  of  sters 
in  the  nebula  in   Andromeda.     Cassini,  it  should  be  re- 
marked, was  from  theoretic  grounds  disposed  to  anticipate 
such  a  resolution,  since  (in  direct  contradiction  to  Halley 
and  Derham),  he  considered  all  nebulae  to  be  very  remote 
clusters  of  stars  (372).     it  is  true  that  he  looked  upon  the 
faint  milky  lustre  of  the  object  in  Andromeda  as  analogous 
to  that  of  the  zodiacal  light,  but  this  last  was  also  regarded 
by  him  as  composed  of  a  countless  multitude  of  small  plane- 
tary bodies  thickly  congregated  (373). 

Lacaille,  during  his  sojourn  in  the  southern  hemisphere 
(at  the  Cape  of  Good  Hope,  and  the  Isles  of  France  and 
Bourbon,  1750 — 1752),  augmented  the  number  of  observed 
nebulae  so  considerably  that,  as  has  justly  been  remarked  by 
Struve,  '^  through  this  traveller's  labours  more  was  then 
known  of  the  nebulae  of  the  southern  heavens  than  of  those 
visible  in  Europe/'  Lacaille  moreover  attempted  not  un- 
successfully to  arrange  the  nebulae  into  classes  according  to 
their  apparent  forms ;  he  also  first  undertook,  although  with 
little  result,  the  difficult  analysis  of  the  two  Magellanic 
clouds  (Nubecula  major  et  minor)  with  their  heterogeneous 
contents. 

If  we  deduct  from  the  other  42  isolated  nebulae  which 
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Lacailie  observed  in  the  southern  heavens,  14  which  can 
be  perfectly  resolved  into  true  star-clusters  even  with 
low  magnifying  powers,  only  28  remain,  while  with  more 
powerful  instruments,  and  greater  practice  and  skill  in 
observing.  Sir  John  Herschel  succeeded  in  discovering  in 
the  same  zone  1500  nebulae,  clusters  being  similarly 
excluded. 

Unaided,  and  unguided  by  any  personal  observation  or 
experience,  and  at  first  unknown  to  each  other  (37*)  although 
tending  in  very  similar  directions,  Lambert  (from  1749) 
and  Kant  (from  1755)  exercised  their  imaginations,  and 
speculated  with  admirable  sagacity  on  nebulosities,  detached 
galaxies,  and  islands  of  nebulae  and  stars  sporadically  dis- 
persed in  celestial  space.  Both  Kant  and  Lambert  were 
inclined  to  the  nebular  hypothesis,  and  to  the  belief  of  a 
process  of  formation  continually  going  forward  in  space ;  and 
even  to  the  idea  of  the  production  of  stars  from  cosmical 
vapour.  Le  Gentil  (1760—1769),  long  before  his  distant 
voyages  and  disappointment  in  regard  to  the  obser- 
vation of  the  transit  of  Venus,  promoted  the  study  of 
nebulae  by  his  own  observations  on  the  constellations  of 
Andromeda,  Sagittarius,  and  Orion.  He  employed  the 
object-glass  of  Campani  of  34  French  feet  focal  length,  in 
the  possession  of  the  observatory  of  Paris.  The  sagacious 
John  Mitchell,  in  complete  opposition  to  the  ideas  of  Halley 
and  Lacailie,  Kant,  and  Lambert,  declared  (as  Galileo  and 
Dominique  Cassini  had  done)  all  the  nebulae  to  be  clusters 
of  stars, — aggregations  of  very  small  or  very  remote  tele- 
scopic stars,  whose  existence  would  assuredly  be  demon- 
strated at  some  future  da)-  by  the  improvement  of  instru- 
ments (^75),     ^  rich  accession  to  the  knowledge  of  nebulae, 

p2 
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rich  as  compared  vrith  the  slow  advances  previously  made^ 
was  next  obtained  by  the  persevering  diligence  of  Messier : 
deducting  those  previously  discovered  by  Lacaille  and 
Mechain,  his  catalogue  of  1771  contained  66  nebulse  which 
had  never  been  recorded  before.  In  the  poorly  provided 
Observatoire  de  la  Marine  (Hotel  de  Clugny),  his  efforts 
succeeded  in  doubling  the  known  number  of  nebulae  in  both 
hemispheres  (^^6), 

These  feeble  beginnings  were  followed  by  the  brilliant 
epoch  of  the  discoveries  of  William  Herschd  and  of  his  son. 
As  early  as  1779  the  elder  Herschel  began  a  regular  review 
of  the  nebulae  with  a  7 -foot  reflector;  in  1787  his  great 
40-foot  telescope  was  completed ;  and  in  three  catalogaes 
(377)  which  were  published  in  1786,  1789,  and  1802,  he 
gave  the  positions  of  2500  nebulae  and  star-clusters.  Until 
1785,  and  even  almost  until  1791,  this  great  observer 
appears  to  have  inclined,  with  Mitchell,  Cassini,  and  now 
Lord  Eosse,  to  regard  nebulae,  to  him  unresolvable,  as  ex- 
ceedingly remote  clusters  of  stars;  but  between  1799  and 
1802,  longer  occupation  with  the  subject,  led  him,  as  for- 
merly Halley  and  Laqaille,  to  embrace  the  nebular  hypo- 
thesis, and  even,  with  Tycho  Brahe  and  Kepler,  that  of  the 
formation  of  stars  from  the  gradual  condensation  of  cosmical 
vapour.  The  two  views  are  not,  however,  necessarily  con- 
nected with  each  other  (378).  The  nebulae  and  clusters  ob- 
served by  Sir  Willliam  Herschel  were  subjected  by  his  son. 
Sir  John  Herschel,  from  1825  to  1833,  to  a  fresh  review,  in 
the  course  of  which  he  added  to  his  father's  list  500  new 
objects,  and  published  in  the  Philosophical  Transactions  for 
1833  (p.  365  to  481)  a  complete  catalogue  of  2807 
nebulae  and  clusters  of  stars.    This  great  work  contained 
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bU  that  had  been  observed  in  the  part  of  the  heavens  visible 
from  middle  Europe,  and  in  the  nest  immediately  succeeding 
five  jears  (1834  to  1838),  we  fi.nd  Sir  John  Herschei  iit  the 
Cape  of  Good  Hope  examining  with  a  20-foot  reflecfor  the 
'hole  of  the  heavens  visible  from  (hence,  and  thereby  adding 
to  the  above  2307  neWlie  and  star  clusters,  a  &esh  list  of 
nOS  positions  (^^S)  I  Of  Dunlop's  catalogue  of  southern 
nebuhe  and  clusters  (629  in  number,  observed  at  Puramatta 
from  1825  to  1827  with  a  9-foot  reflector  {^^)  having  a 
ininor  of  9  inches  diameter),  only  oue-third  were  tmnaferred 
to  Sir  John  Herschel's  work. 
A  third  great  epoch  in  the  knowledge  of  these  mysterious 

Iwlestial  objects  has  been  commenced  by  the  coDstruction  of 
"le  admirable  SO-foot  telescope  (3^'}  of  the  Earl  of  Rosse 
**  Parsonstown.  All  the  questions  which  had  been  agitated 
J"  the  long  course  of  fluctuating  opinions,  and  in  the  dif- 
Ifirent  stages  of  development  in  cosmical  contemplation,  now 
''scame  afresh  the  subjects  of  animated  diacussion  in  the 
™ntiovecsy  between  the  nebular  hypothesis  and  the  asserted 
"^cessity  of  relinquishing  that  Eiypothesis  altogether.  From 
"ic  accounts  which  I  have  been  able  to  collect  on  the 
'atliority  of  distinguished  astronomers  long  conversant  with 
'lie  nebnlffi,  it  appears  that  out  of  a  great  number  of  objects 
'"tHerto  supposed  to  be  unresolvable,  taken  as  it  were  by 
"*a.iice  from  all  classes  of  such  objects  in  the  catalogue  of 
1^33,  almost  all  (Dr.  Bobinson,  the  Director  of  the  Obser- 
vatory of  Armagh,  gives  above  40),  were  completely  resolved 
(*®*),  Sir  Jolm  Herschei  expresses  himself  in  a  similar  j 
■Datiner  in  his  opening  speech  at  the  Meeting  of  the  British  I 
III  ^aaodation  at  Cambridge  in  1845,  as  well  as  in  the  Outlines  I 
j^B    ^  Astronomy  in  1849.      He  says;  "  the  reflector  of  Lord         1 


226  SPECIAL  RESULTS  IN  THE  UBAN0L06ICAL 

Eosse  has  resolved,  or  shown  to  be  resolvable,  moltitades  of 
nebulse  which  had  resisted  the  space-penetrating  power  of 
feebler  optical  instruments.  Although  there  may  be  nebolse 
which  this  powerful  telescope  of  six  English  feet  aperture 
shows  only  as  nebulse,  without  any  indication  of  resolvability, 
yet  from  inferences  founded  on  analogy  we  may  conjecture 
that  in  reality  no  difference  exists  between  nebulae  and  clusters 
of  stars''  (383). 

The  constructor  of  the  powerful  optical  apparatus  at  Par- 
sonstown,  always  carefully  separating  the  result  of  actual 
observation  from  inferences  for  which  it  might  be  hopefully 
considered  that  a  foundation  had  been  laid,  expresses  him- 
self with  great  caution  on  the  subject  of  the  nebula  in 
Orion.  In  a  letter  to  Professor  Nichol  of  Glasgow,  dated 
March  19,  1846,  (384)  Lord  Eosse  wrote: — ^'From  our 
examination  of  this  celebrated  nebula,  I  can  certainly  say 
tliat  very  little,  if  any,  doubt  remains  as  to  its  resolvability. 
Prom  the  state  of  the  atmosphere  we  could  only  use  half 
the  magnifying  power  which  the  mirror  is  capable  of  bearing ; 
and  yet  we  saw  that  everything  round  the  trapezium  forms 
a  mass  of  stars.  The  rest  of  the  nebula  is  also  rich  in 
stars,  and  has  quite  the  character  of  resolvability.''  At  a 
later  period,  1848,  Lord  Eosse  still  refrained  from  announc- 
ing the  actual  achievement  of  a  complete  resolution  of  the 
nebula  in  Orion,  expressing  only  the  near  hope  and  well- 
grounded  probability  of  the  remaining  portion  of  nebulosity 
being  so  resolved. 

If,  in  the  animated  debate  recently  awakened  respecting 
the  non-existence  of  a  self-luminous  nebulous  matter  in  the 
Universe,  we  separate  what  belongs  to  observation  and 
what  to  inductive  conclusions^  a  very  simple  consideratauu 
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is  sofficieiit  to  show  that  by  the  increasing  perfection  of 
telescopic  vision  the  number  of  unresolved  nebulae  may, 
indeed,  be  considerably  diminished,  but  that  it  is  very  im- 
probable that  the  diminution  should  ever  proceed  to  actual 
exhaastion.  By  the  successive  employment  of  telescopes  of 
incieasing  power,  each  in  its  turn  may  be  expected  to  resolve 
nebalsB  which  its  predecessor  had  left  unresolved ;  but  it 
will  at  the  same  time,  (3®*)  by  its  increased  space-penetrating 
power,  replace,  at  least  in  part,  the  resolved  nebulse  by  new 
ones  previously  inaccessible  to  our  view.  Thus,  by  in- 
creasing optical  power,  resolution  of  old,  and  discovery  of 
new,  would  follow  each  other  in  an  endless  succession. 
Should  this  not  be  so,  we  must,  it  appears  to  me,  either 
nnagbe  occupied  space  to  have  a  limit,  or  else  suppose  that 
the  world-islands,  to  one  of  which  we  belong,  are  so  distant 
6om  each  other  that  no  telescope  which  may  hereafter  be 
invented  can  ever  suffice  to  reach  the  opposite  shore,  and  that 
onr  last  (extremest,  or  outermost)  nebulae  will  be  resolved 
ijito  clusters  of  stars,  projected,  like  the  stars  in  the  Milky 
Way,  upon  a  black  ground  wholly  without  nebulosity  {^^), 
But  it  may  be  fairly  asked,  whether  we  can  with  probability 
assume  both  such  a  state  of  the  Universe,  and  such  a  degree 
of  improvement  in  optical  instruments,  that  in  the  whole 
fanament  there  shall  not  remain  one  unresolved  nebula  ? 

The  hypothetical  assumption  of  a  self-luminous  fluid  pre- 
senting itself  in  well-  defined  nebulae,  round  or  oval,  must 
^ot  be  confounded  with  the  similarly  hypothetical  assump- 
tion of  a  non-luminous  ether  pervading  universal  space,  and 
P^ucing  by  its  undulations  light,  radiant  heat,  and  electro- 
^"^etism  (387).  The  emanations  from  the  nuclei  of  comets, 
which  as  comet-tails  often  occupy  enormous  portions  of 
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space^  disperse  the  to  us  unknown  matter  of  which  they  oomdst 
among  the  planetary  orbits  of  the  solar  system  which  thej 
traverse ;  but  when  separated  from  the  head  or  nucleus  of 
the  comet^  the  matter  of  which  the  tails  are  formed  oeaaei 
to  be  sensibly  luminous  to  our  eyes.  Newton  considered  it 
possible  that  "  vapores  ex  Sole  et  Stellis  fbds  et  candii 
Cometarum^^  might  become  mingled  with  the  atmosphen 
which  surrounds  the  Earth  (^ss)^  jJq  telescope  has  yet 
discovered  anything  resembling  stars  in  the  vaporous  flattened 
revolving  ring  of  the  zodiacal  light.  Whether  the  partadei 
of  which  this  ring  consists^ — and  which  in  accordance  with 
dynamic  conditions  are  imagined  by  some  to  have  rotationa 
independent  of  the  sun^  and  by  others  to  revolve  simply  loaiid 
that  body^ — shine  by  reflected  lights  or  whether^  like  many  tcf- 
restrial  fogs  and  vapours^  (3^^)  they  are  self-luminous^  remains 
undecided.  Dominique  Cassini  believed  them  to  be  small 
planetary  bodies  (390).  We  feel  as  it  were  involuntarily  im- 
pelled to  look  in  all  fluids  for  detached  (^^i)  molecular  paita^ 
like  the  full  or  hollow  vesicles  in  clouds  i  and  the  gradations 
of  increasing  density  in  our  solar  system  from  Mercury  to 
Saturn  and  Neptune,  (from  1'12  to  0'14 :  the  Earth  being 
taken  as  =  1,)  conduct  us  to  comets,  through  the  outer- 
most strata  of  whose  nuclei  faint  stars  are  visible :  thef 
even  conduct  us  gradually  to  detached  particles  so  rare  that 
the  forms  of  their  aggregation  can  scarcely  be  said  to  possess 
definite  outlines. 

It  was  these  very  considerations  on  the  constitution  of 
the  apparently  nebulous  zodiacal  light,  which,  long  previous 
to  the  discovery  of  the  small  planets  between  Mars  and 
Jupiter,  and  before  the  formation  of  conjectures  respecting 
meteoric  asteroids,  led  Cassini  to  entertain  the  idea  of  cos- 
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mical  bodies  of  all  dimeasiona  and  of  all  degrees  of  density. 
We  touch  here  almost  involuntarily  on  the  ancient  dispute 
in  [ihilosophy  oa  primitive  fluidity  and  composition  from 
distinct  molecular  particles,  which  is  indeed  more  accessible 
to  mathematical  treatment.  Let  us  hasten  to  return  to  that 
which  is  purely  objective  in  the  phenomenon. 

AmoDg  3926  {245H-1475)  recorded  positions,  [be- 
longing : — a,  to  the  portion  of  the  firmnment  visible  at 
Slough,  and  which  for  the  sake  of  brevity  we  will  here  call 
tie  northeru  heavens,  (according  to  three  catalogues  of 
Sir  Wilham  Herschel,  from  17S6  to  1802,  and  the  above- 
mentioned  review  published  by  his  son  in  the  Phil.  Trans, 
for  1833) ;  li,  to  the  part  of  the  southern  heavens  visible 
from  the  Cape  of  Good  Hope,  according  to  the  African 
Catalogue  of  Sir  John  Herschel,]  there  are  contained  both 
nebulie  and  clusters  of  stars.  However  intimately  these 
objects  may  in  truth  be  related  to  each  other,  yet  in  order 
to  mark  the  state  of  our  knowledge  at  a  definite  epoch  I 
have  reckoned  each  class  separately.  I  find  ('^^)  in  the 
Dorthem  catalogue,  8299  nebidffi  and  152  clusters  of  stars ; 
in  the  southern  or  Cape  catalogue,  1239  nebulas  and  236 
star-clusters.  This  makes  for  the  whole  firmament  the 
number  of  nebula;  registered  in  these  catalogues  as  not 
having  yet  been  resolved  into  stars,  3538.  This  number 
would  be  raised  to  4000  by  taking  into  the  account  three 
or  four  hundred  objects  seen  by  the  elder  Herschel  (^^^) 
and  not  redetermined  by  his  son,  as  well  a,s  629  observed 
at  Paramatta  by  Dunlop  with  a  9-inch  Nevrtonian  reflector, 
and  of  which  only  206  were  transferred  by  Sir  John  Her- 
Bchel  to  his  catalogue  (^^*).  A  similar  result  has  also  been 
recently  published  by  Bond  and  by  Miidler.     Accord- 
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ing  to  the  present  state  of  our  knowledge,  therefore,  the 
proportion  of  the  number  of  nebulae  to  that  of  double  stan 
is  about  as  2  :  3  ;  but  it  should  not  be  forgotten,  that  under 
the  denomination  of  double  stars  are  included  those  whidi 
are  merely  optically  double,  and  that  up  to  the  present  time 
changes  of  position  have  only  been  recognised  in  an  eighth, 
or  perhaps  even  a  ninth  part  of  the  whole  (3^®). 

The  numbers  found  above,  viz.  2Z9\)  nebulae  with  162 
star-clusters  in  the  northern,  and  only  1289  nebulae  with 
286  clusters  in  the  southern  catalogues,  shew  a  compan- 
tively  smaller  number  of  nebulae  and  a  preponderance  of 
star-clusters  in  the  southern  hemisphere.  Even  assuming 
the  probability  of  all  nebulae  being  truly  in  their  own  natuie 
alike  resolvable,  i,  e?.,  of  their  being  either  more  remote 
clusters,  or  groups  composed  of  smaller,  less  crowded,  self- 
luminous  cosmical  bodies,  yet  this  apparent  contrast,  (to  the 
importance  of  which  Sir  John  Herschel  himself  called  atten- 
tion, (^96)  and  that  the  more  strongly  as  he  had  employed 
reflecting  telescopes  of  equal  power  in  the  two  hemispheres), 
must  at  least  be  held  to  indicate  a  striking  diversity  in 
distribution  in  space,  i,  e»  in  respect  to  the  directions  in 
which  they  present  themselves  on  the  northern  or  southern 
firmament  to  the  inhabitants  of  the  earth. 

We  owe  to  the  same  great  observer  the  first  exact  know- 
ledge and  general  cosmical  view  of  the  distribution  of  nebulae 
and  star-clusters  over  the  entire  surface  of  the  heavens.  In 
order  to  examine  their  situation,  their  relative  abundance 
in  diflferent  parts,  and  the  probability  or  improbability  of 
their  succession  in  certain  groupings  or  lines,  he  entered  be- 
tween three  and  four  thousand  objects  graphically  in  squares 
of  which  the  sides  corresponded  to  3°  of  Declination  and 
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15"  of  Eight  Ascension.  The  greatest  local  accumulation  is 
found  in  the  northern  hemisphere,  distributed  through  the 
constellations  of  Leo  and  Leo  minor,  the  body,  tail;  and 
hind-paws  of  Ursa  major,  the  nose  of  Camelopardalis,  the 
tail  of  Draco,  the  two  Canes  venatici.  Coma  Berenices  (where 
the  north  pole  of  the  Milky  Way  (^97)  is  situated),  the 
right  foot  of  Bootes,  and  above  all  in  the  head,  wings,  and 
shoulders  of  Virgo.  This  zone,  which  has  been  called  the 
nebula-region  of  Virgo,  contains,  as  I  have  abready  remarked, 
in  a  space  {^^^)  occupying  the  eighth  part  of  the  entire 
celestial  sphere,  one-third  of  the  whole  of  the  nebulae.  It 
extends  but  little  beyond  the  equator,  excepting  where  at 
the  southern  wing  of  Virgo  it  stretches  as  far  as  the  extremity 
of  Hydra  and  to  the  head  of  Centaurus,  but  without  touching 
the  feet  of  the  Centaur  or  the  Southern  Cross.  Another 
and  less  considerable  assemblage  of  nebulae  in  the  northern 
hemisphere,  and  which  Sir  John  Herschel  calls  the  nebula- 
region  of  Pisces,  extends  further  into  the  southern  hemis- 
phere than  does  that  of  Virgo.  It  forms  a  zone  running 
from  the  constellation  of  Andromeda,  which  it  fills  almost 
entirely,  to  the  breast  and  wings  of  Pegasus,  the  band  which 
unites  the  two  Pisces,  the  southern  galactic  Pole,  and 
Fomalhaut.  A  striking  contrast  to  these  well-filled  regions 
is  presented  by  the  almost  desert  space,  as  respects  nebulae, 
which  surrounds  Perseus,  Aries,  Taurus,  the  head  and  upper 
parts  of  the  body  of  Orion,  Auriga,  Hercules,  Aquila,  and 
the  whole  constellation  of  Lyra  (399).  If,  in  the  general 
view  of  the  nebulae  and  star-clusters  belonging  to  the 
Northern  Catalogue  (that  of  Slough),  given  in  Sir  John 
Herschel's  work  on  the  Cape  Observations,  and  where  they 
are  distributed  into  the  several  hours  of  Right  Ascension,  we 
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.  179 
.  606 
.  850 
.     121  ' 

.     289 


By  a  more  careful  separation  according  to  North  and  SouHi 
Declination,  we  find  that  in  the  six  hours  of  Bight  AscensKHi 
from  nine  hours  to  fifteen  hours,  there  are  in  the  nortlieni 
hemisphere  alone,  1111  nebulse  and  clusters  of  stats,  (^) 
viz. : — 

Honrs.     Hours. 

90 
150 
251 
809 
181 
180 

The  true  northern  maximum  of  nebulae  is  therefore  situited 
between  12h.  and  13h.,  very  near  the  North  Galactic  P(Jft 
Farther  on,  between  1 5h.  and  16h.,  towards  the  consteUatkai 
of  Hercules,  the  decrease  is  so  sudden  that  the  number  &11» 
from  180  to  40. 

In  the  southern  hemisphere  we  find  not  only  a  mufih 
smaller  number,  but  also,  generally  speaking,  a  much  mort 
uniform  distribution  of  nebulae.  Spaces  devoid  of  ih«6 
celestial  phenomena  alternate  with  sporadic  nebulse;  wilb 
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the  exception  of  one  remarkable  local  assemblage^  which  is 
indeed  e?en  more  crowded  than  the  nebulous  region  of  Yirgo 
in  the  northern  hemisphere ;  for  of  the  Magellanic  clouds, 
Nobecola  major  alone  comprehends  800   nebulse.      The 
itgion  around  the  pole  is  poor  in  nebulse  in  both  hemis- 
pheres, but  as  &r  as  15^  of  polar  distance  it  is  poorer 
loond  the  southern  than  round  the  northern  pole  in  the 
pRqportion  of  4  to  7.    The  present  North  Pole  has  a  small 
ndnila  only  5  minutes  distant  from  it ;  a  similar  one,  to 
vUdi  Sir  John  Herschel  veiy  properly  gives  the  name  of 
"Ndula  Polarifflima  Australis/'  (No.  8176  of  his  Cape 
Citalogue;  E.  A.,  9h.  27'"  56%  N.  P.  D.,  179°  84'  14") 
is  fltill  25  minutes  from  the  South  Pde.    The  comparatively 
tekss  desert  round  the  southern  pole,  and  especially  the 
dftenoe  of  a  pole-star  visible  to  the  unassisted  eye,  were  the 
irigect  of  bitter  complaint  to  Amerigo  Yespuoci  and  Vicente 
Ti&ez  Pinzon,  when,  at  the  end  of  the  fifteenth  century, 
th^  advanced  hr  beyond  the  Equator  to  Cape  St.  Augustin, 
iod  when  Vespucci  even  supposed  that  the  fine  passage  of 
Dmte,  "  lo  mi  volsi  a  man  destra  e  posi  mente  .  .  ."  and 
the  four  stars,  ''  Non  viste  mai  fuor  ch'  alia  prima  gente^' 
icfened  to  antarctic  circumpolar  stars  (^^^). 

Hitherto  we  have  been  considering  the  nebulse  in  respect 
to  their  number  and  dissemination  on  what  is  called  the 
Snaunent,  an  apparent  distribution  which  must  not  be  con- 
famded  with  the  actual  distribution  in  space.  From  this 
Qttunation  we  now  pass  to  their  wonderful  diversity  in 
iifi?idual  form.  This  is  sometimes  regular,  (spherical, 
<%lical  in  various  degrees,  annular,  planetary,  or  re- 
miUiiig  a  photosphere  surrounding  a  star) ;  and  sometimes 
■Rgolar  or  amorphous  and  as  difficult  of  classification  as 
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are  the  aqueous  nebulae  of  our  atmosphere,  the  clouds.  The 
normal  form  (^^^^  of  the  celestial  nebulae  is  considered  to  be 
elliptical  or  spheroidal.  With  equal  telescopic  power,  snch 
nebulae  are  most  easily  resolvable  into  star-clusters  when 
they  are  most  globular ;  and  on  the  other  hand  when  the 
compression  in  one  direction  and  elongation  in  the  other 
is  greatest  they  are  the  most  difficult  of  resolution  (*w). 
We  find  in  the  heavens  gradually  varying  forms  from 
round  to  elliptic  more  or  less  elongated.  (Phil.  Trans., 
1833,  p.  494,  PI.  ix.  figs.  19—21.)  The  condense 
tion  of  the  milky  nebulosity  is  always  progressive  towards 
a  centre,  or  as  in  some  cases  even  towards  several  central 
points  or  nuclei.  It  is  only  in  the  class  of  round  or  oval 
nebulae  that  double-nebulae  are  known ;  and  in  these,  as 
there  is  no  perceptible  relative  motion  of  the  individuals 
in  respect  to  each  other,  (either  because  no  such  motion 
exists,  or  that  it  is  exceedingly  slow),  we  are  without  the 
criterion  which  would  enable  us  to  demonstrate  the  reality 
of  a  mutual  relation,  and  which  in  the  case  of  double  stars 
we  possess  for  distinguishing  those  which  are  physically  firom 
those  which  are  merely  optically  double.  (Drawings  of 
double-nebulae  are  to  be  found  in  the  Philosophical  Trans- 
actions for  1833,  figs.  68 — 71.  Compare  also  Herschel, 
Outlines  of  Astronomy,  §  878,  and  Observations  at  the 
Cape  of  Good  Hope,  §  120.) 

Annular  nebulae  are  among  the  rarest  phenomena  with 
which  we  are  acquainted.  In  the  northern  hemisphere, 
according  to  Lord  Eosse,  seven  are  known  to  us.  The 
most  celebrated  annular  nebula  is  the  one  situated  between 
i3  and  y  Lyrae  (No.  57,  Messier;  No.  3023  of  Sir  John 
Herschers  Catalogue) ;  it  was  first  observed  by  Darquier  aft 
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Toulouse  in  1779,  when  the  comet  discovered  by  Bode 
came  into  its  vicinity.  Its  apparent  magnitude  is  nearly 
equal  to  that  of  Jupiter's  disk,  and  it  is  elliptical, — the 
proportion  of  its  diameters  being  as  4  to  5.  The  interior 
of  the  ring  is  by  no  means  black,  but  rather  somewhat 
illiiminated.  Sir  William  Herschel  had  recognised  some 
stars  in  the  ring,  and  Lord  Bosse  and  Mr.  Bond  have  now 
entirely  resolved  it  (*^).  On  the  other  hand,  the  fine  annular 
nebulae  of  the  southern  hemisphere,  Nos.  8680  and  3686, 
are  perfectly  black  in  the  interior  of  the  ring.  No.  3686, 
moreover,  is  not  elliptical  but  perfectly  round  (*o*) ;  all 
are  probably  annular  or  ring-shaped  clusters  of  stars.  It  is 
to  be  remarked  that  with  the  increase  of  optical  means,  both 
dliptical  and  annular  nebulae  appear  generally  less  defined  in 
their  outlines :  in  Lord  BK)sse's  telescope  the  ring-nebula  in 
Lyra'even  appears  as  a  simple  ellipse,  having  singular  diverg- 
ing thread-like  nebulous  appendages.  It  is  especially  striking 
to  observe  the  transformation  of  the  nebula  which,  seen 
through  feebler  telescopes,  appears  simply  elliptical,  into 
Lord  Rosse^s  Crab-Nebula. 

A  class  of  phenomena  less  rare  than  annular  nebulae,  but 
of  which  Sir  John  Herschel  counts  only  25,  almost  three- 
fourths  being  in  the  southern  hemisphere,  consists  of  what 
we  called  planetary  nebulae,  which  were  first  discovered 
h  William  Herschel,  and  are  among  the  most  wonderful 
of  celestial  phsenomena.  They  have  a  most  striking  resem- 
Wance  to  the  disks  of  planets.     In  the  greater  number  of 

• 

iiistances  they  are  either  round  or  somewhat  oval ;  some- 
tinies  with  sharply  defined  boundaries,  and  sometimes  with 
confused  and  vaporous  edges.  The  disks  of  several  have  a 
very  xinifonn  light ;  others  are  "  mottled  or  of  a  peculiar 
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texture  as  if  curdled/'     They  never  show  traces  of  condeih 
satLon  towards  the  centre.     Five  planetary  nebulae  have  been 
recognized  by  Lord  Bosse  as  annular  nebulae  with  one  or 
two  central  stars.     The  largest  planetary  nebula  is  situated 
in  the  Great  Bear,  (not  far  from  ft  Ursee  maj.)  and  im 
discovered  by  M6chain  in    1781.     The  diameter  of  fib 
disk  (*o«)  is  2'  40".     The  planetary  nebula  in  the  Southeni 
Cross,  (No.  3365,  Cape  Observations,  p.  100,)  with  a  disk 
of  scarcely  12"  diameter,  has  the  brightness  of  a  star  of 
between  the  6th  and  7tli  magnitudes.     The  colour  of  ito 
light  is  an  indigo-blue,  and   (among  nebulse)  this  renuoi* 
able  hue  is  found  also  in  three  objects  of  a  similar  fonOi  in 
which,  however,  the  blue  is  less  intense  (*®^).     The  blue  tiat 
of  some  planetary  nebulse  by  no  means  contradicts  thepoai 
bility  of  their  being  composed  of  small  stars,  for  we  are 
acquainted  with  blue  stars,  not  only  as  forming  both  memben 
of  a  pair  or  double-star,  but  also  in  clusters   consisting 
either  entirely  of  blue,  or  of  blue  mixed  with  red  and  ydkt 
small  stars  (*®®). 

The  question  whether  the  planetary  nebulse  are  veiy 
distant  nebulous  stars  in  which  the  difference  between  an 
illuminating  central  star  and  a  surrounding  vaporous  en- 
velope escapes  our  telescopic  vision,  has  been  alluded  to  in 
an  earlier  portion  of  my  work  (^o^).  May  Lord  Eosse's  giant 
telescope  atlengthafford  the  means  of  investigating  the  natuM 
of  these  wondrous  planetary  vaporous  disks  !  Difficult  as 
it  is  to  form  a  clear  conception  of  the  complicated  dynamiD 
conditions  under  which,  in  a  spherical  or  spheroidical^ 
elliptical  cluster  of  stars,  the  rotating,  congregated  sobb, 
becoming  specifically  denser  as  the  centre  is  approachedi 
form  a  system  in  equilibrium  (*^o),  this  difficulty  beoomfiB 
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1(31  greater  in  those  circular,  well-defined,  planetary  nebulous 
&b  which  show  an  entirely  uniform  brightness  not  in- 
creasing towards  the  centre.  Such  a  state  of  things  seems 
less  compatible  with  the  form  of  a  globe  (or  with  thousands 
of  small  stars  in  a  state  of  aggregation)  than  with  the  idea 
of  a  gaseous  photosphere,  which  in  our  sun  is  supposed  to 
be  covered  with  a  thin,  untransparent,  or  at  least  very  faintly 
mmninated  vaporous  stratum.  May  it  be  that  in  the 
planetary  nebula  the  light  appears  so  uniformly  distributed 
yiAj  because  the  difference  between  the  margin  and  the 
centre  disappears  by  reason  of  the  great  distance  ? 

Among  the  nebulae  of  regular  forms,  the  fourth  and  last 
dass  consists  of  Sir  William  HerscheFs  "nebulous  stars ;" 
L  e.  actual  stars  surrounded  by  a  milky  nebulosity,  which  is 
naj  probably  in  relation  with  the  central  star  and  dependent 
an  it.  Whether  the  nebulosity  which,  according  to  Lord 
Bosse  and  Mr.  Stoney,  appears  in  some  cases  quite  annular, 
(Phil.  Trans,  for  1850,  PI.  xxxviii.  figs.  15  and  16), 
should  be  regarded  as  self-luminous,  and  as  forming  a  pho- 
tosphere as  in  our  sun,— or  whether,  (as  seems  less  probable), 
it  be  merely  illuminated  by  the  central  sun, — are  points  on 
^hich  very  different  opinions  prevail.  Derham,  and  to  a 
Dotain  degree  Lacaille,  who  at  the  Cape  of  Good  Hope  dis- 
covered several  nebulous  stars,  beheved  the  stars  to  be 
distant  from  and  unconnected  with  the  nebulae  on  which 
tlqr  appeared  projected.  Mairan  (1731)  appears  to  have 
been  the  first  who  put  forward  the  opinion  of  nebulous  stars 
being  surrounded  with  a  luminous  atmosphere  of  their  own 
*").  There  are  even  larger  nebulous  stars  (for  example  of 
he  7th  magnitude,  as  No.  675  of  the  Catalogue  of  1838), 
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of    which   the    photosphere    has   two   or  three  minute 
diameter  {^^^). 

A  class  of  nebulae  very  different  from  those  which  we  haie 
been  describing,  and  which  have  always  at  least  a  feiii% 
marked  outline,  consists  of  the  larger  nebulous  masses  of 
irregular  form.  These  are  characterised  by  very  various  and 
unsymmetrical  shapes,  as  well  as  very  imperfectly  defined  and 
confused  outlines.  They  are  mysterious  phenomena  "sd 
generis/^  and  are  what  have  principally  given  occasion  to 
the  opinions  which  have  prevailed  respecting  the  existoia 
of  cosmical  cloud,  and  of  self-luminous  nebulous  malibs 
dispersed  through  the  celestial  regions  and  similar  to  the 
substratum  of  the  zodiacal  light.  A  most  striking  contrttt 
is  presented  by  viewing  some  of  the  irregular  or  amorphoBB 
nebulae  which  cover  several  square  degrees  of  the  surface  d 
the  heavens,  in  comparison  with  the  smallest  of  all  the  re- 
gular isolated  oval  nebulae  with  which  we  are  acquainteJ, 
i.  e,  the  one  situated  between  the  constellations  of  Ara  aol 
Pavo  in  the  southern  hemisphere,  and  which  has  a  luminom 
intensity  equal  to  that  of  a  telescopic  star  of  the  14th  maf 
nitude  {^^^).  No  two  of  the  unsymmetrical,  diffused  I«K 
bulous  masses  resemble  each  other,  "  but,''  adds  Sir  Jdn 
Herschel,  after  many  years  of  observation,  "  they  have  (»* 
important  character  in  common ;  they  are  all  situated  in* 
very  near  the  borders  of  the  Milky  Wa/';  and  may  to 
"regarded  as  outlying,  distant,  and  as  it  were  detadiei. 
fragments  of  the  great  stratum  of  the  Galax/'  (*^*).  (to 
the  other  hand,  the  regular  symmetrical  and  usually  wfiD--  q 
defined  small  nebulae  are  partly  scattered  generally  over  tilt' 
heavens,  and  partly  crowded  into  particular  regions  renwrf* . 
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from  the  Milky  Way ;  such  in  the  northern  hemisphere  are 
the  regions  of  Virgo  and  Pisces.  It  is  true  that  the  great 
irregular  nebulous  mass  in  the  sword  of  Orion  is  fully  fifteen 
degrees  from  the  visible  margin  of  the  Milky  Way ;  but  it 
may  perhaps  belong  to  the  prolongation  of  that  branch  of 
(be  galaxy  which  runs  from  «  and  e  Persei,  and  appears  to 
lose  itself  near  Aldebaran  and  the  Hyades^  and  of  which  we 
have  already  spoken  (Vol.  iii.  p.  128).  The  finest  stars  in 
the  constellation  of  Orion,  which  gave  to  it  its  ancient 
celebrity,  are  considered  as  belonging  to  the  zone  of  very 
large,  and  probably  comparatively  near,  celestial  bodies,  the 
prolongation  of  which  forms  a  great  circle  passing  through 
f  Oriouis  and  a  Crucis  into  the  southern  portion  of  the 
Milky  Way  {^^^). 

An  earher  and  very  prevalent  opinion  (*^^),  as  to  the 
existence  of  a  galaxy  of  nebulae  intersecting  the  galaxy  of 
stars  nearly  at  right  angles,  does  not  by  any  means  appear 
to  be  confirmed  by  later  and  more  exact  observations  on  the 
distribution  of  the  nebulse  of  regular  form  over  the  vault  of 
heaven  (*^^).  There  are,  indeed,  as  has  been  already  remarked, 
lai^  assemblages  of  nebulse  near  the  northern  galactic 
and  a  considerable  number  near  the  Southern  Eish 
but  from  the  many  interruptions  which  occur  we  cannot 
say  that  we  have  found  a  zone  of  nebulae  passing  through 
these  two  poles  and  forming  a  great  circle  of  the  sphere. 
William  Herschel  in  1784,  at  the  conclusion  of  his  first 
treatise  on  the  structure  of  the  heavens,  had  indeed  deve- 
loped such  a  view,  but  doubtfully,  and  with  the  caution 
which  became  so  eminent  an  investigator  of  nature. 

Of  the  irregular,  or  rather  unsymmetrical  nebulae,  some,  (as 
those  in  the  sword  of  Orion,  near  ij  Argus,  and  in  Sagitta- 
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rius  and  Cygnus),  are  remarkable  for  their  extraoidiiuiiy 
size ;  others,  (as  Nos.  27  and  51  of  Messier's  Oatalogae), 
for  the  pecuUarity  of  their  forms. 

In  regard  to  the  great  nebula  in  the  sword  of  Orion,  we 
have  already  noticed  the  circumstance  of  its  never  having 
been  mentioned  by  Galileo,  although  he  had  been  so  madi 
occupied  with  the  stars  between  the  .belt  and  sword  (♦^j, 
and  had  even  constructed  a  map  of  that  region.     What  he 
terms  Nebulosa  Orionis,  and  which  is  drawn  by  him  together 
with  Nebulosa  Prsesepe,  is  expressly  stated  by  him  to  be 
an  assemblage  of  small  stars  (stellarum  constipataram)  in 
the  head  of  Orion.     In  the  drawing  in  §  20  of  the  Sideiens 
Nuncius,  which  extends  from  the  belt  to  a  Orionis  in  the 
right  leg,  I  recognise,  above  the  star  «,  the  multiple  star  0. 
The  magnifying  powers  employed  by  Galileo  were  only  from 
eight  to  thirty.     As  the  nebula  in  the  sword  does  not  stand 
by  itself,  but  forms,  when  viewed  through  imperfect  tele- 
scopes, or  in  an  unfavourable  state  of  the  atmosphere,  a  sort 
of  halo  round  the  star  0,  it  may  be  that  from  this  circum- 
stance its  individual  existence  and  form  escaped  the  notice 
of  the  great  Florentine  observer,  who,  moreover,  was  otherwise 
disinclined  to  admit  or  assume  the  existence  of  nebulse  (♦*•). 
It  was  fourteen  years  after  Galileo^s  death,  in  the  year  1656, 
that  Huygens  discovered  the  great  nebula  in  Orion,  and 
gave  a  rough  drawing  of  it,  which  was  published  in  1659  in 
the  ^*  Systema  Saturnium/'     His  own  words  are : — "  "Whilst 
I  was  engaged  in  observing,  with  a  refractor  of  23-feet  focal 
length,  Jupiter^s  variable  belts,  a  dark  central  zone  in  Mars, 
and  some  faint  appearances  in  that  planet,  there  was  pre- 
sented to  me  among  the  fixed  stars  a  phenomenon  which^  so 
far  as  I  am  aware,  has  never  been  observed  before,  and  can 


POKnON  OP  TEE  C 

fltly  be  tiocnrately  discerDed  by  means  of  such  large  tele- 
a  -as  that  which  I  employ.  lu  the  sword  of  Orion, 
labonotners  enumerate  three  stars  placed  very  near  to  each 
ether:  as,  in  the  year  1656,  I  happened  to  be  looking 
fepough  my  telescope  at  the  middle  one  of  the  three,  I  saw, 
iBBtead  of  a  single  star,  twelve,  which,  indeed,  with  telescopes 
it  nothing  extraordinary.  Of  these  slars,  three  appeared 
dmost  in  contact,  and  four  others  shone  as  through  a  bright 
luee,  BO  that  the  space  around  them,  as  drawn  in  the  accom- 
|Bi)'ing  figure,  appeared  much  hghler  than  the  rest  of 
the  sky.  It  happened  to  be  very  clear,  and  was  quite  dark, 
»  iHat  the  appearance  was  as  if  there  were  an  opening  or 
storuption  (hiatus).  I  have  seen  all  this  repeatedly  since, 
■il  that  up  to  the  present  time,  so  that  tliis  wonderful 
Mifatence,  whatever  it  may  be,  has  probably  always  its  seat 
ftere,  I  never  saw  anything  similar  in  any  other  of  the 
Bled  stars."  (It  would  seem,  therefore,  that  the  nebula 
in  Andromeda,  described  54  years  earher  by  Simon  llariua, 
Wseilher  unkiiown  to  Huygens,  or  had  excited  but  little 
uterest  in  his  mind !)  "  Whatever  other  objects  have  been 
Med  nebulas,"  he  adds,  "and  even  the  Milky  Way  when 
loo^  at  through  telescopes,  show  nothing  nebulous,  and 
*K  merely  multitudes  of  stars  crowded  together  in  clusters" 
(**].  The  animation  and  vivacity  of  this  first  description 
lutify  the  magnitude  and  freshness  of  the  impression  pro- 
Aiced  J  bat  how  vast  is  the  difference  which  separates  this 
fat  graphical  representation  made  in  the  middle  of  the  17th 
BSiImy, — and  those,  a  httle  less  imperfect,  of  Picard,  Le 
Qenlil,and  Messier, — frorathe  fine  drawings  of  Sir  J.  Herschel 
U83J},  and  of  WOliam  Crnncb  Bond.  Director  of  the  Obser- 
W«J  ot  Cambridge  in  the  United  States  in  1848 1  (*^'). 
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The  first  named  of  these  later  astronomers  had  the  great 
advantage  (*22)  of  observing  the  nebula  in  Orion,  since  1834, 
with  a  twenty-foot  reflector  at  the  Cape  of  Good  Hope  at 
an  altitude  of  60°,  and  of  thereby  improving  still  further  his 
earlier  drawing  of  1824 — 26  (*23).  The  positions  of  150 
stars  in  the  neighbourhood  of  0  Ononis,  chiefly  from  the 
15th  to  the  1 8th  magnitudes,  were  also  determined.  The 
celebrated  trapezium,  which  is  not  surrounded  by  any  nebu- 
losity, is  formed  of  four  stars  of  the  4th,  6th,  7  th,  and  8th 
magnitudes.  The  4th  star  was  discovered  (1666?)  by 
Dominique  Cassini,  at  Bologna  (^24) .  the  5th  (y)  in  1826, 
by  Struve ;  and  the  6th  (a')  which  is  of  the  1 3th  magnitude, 
by  Sir  John  Herschel  in  1832.  The  Director  of  the  Obser- 
vatory of  the  CoUegio  Romano,  de  Vico,  announced  at  the 
begianing  of  the  year  1839,  that  with  his  large  refractor  by 
Cauchoix  he  had  found  three  more  stars  inside  the  trape- 
zium. These  stars  have  not  been  seen  by  John  Herschel  or 
Bond.  The  part  of  the  nebula  nearest  to  the  almost  un- 
nebulous  trapezium,  and  forming  in  the  front  part  of  the  head 
the  Regio  Huygeniana,  is  spotty  in  its  appearance,  of  a 
granular  texture,  and  has  been  resolved  into  stars  by  the 
giant  telescope  of  the  Earl  of  Eosse,  and  by  the  great 
refractor  of  the  Observatory  of  Cambridge,  U.S.  (*^). 
A.mong  our  modem  accurate  observers.  Lament  at  Munich, 
Cooper  in  Ireland,  and  Lassell  in  England,  have  determined 
many  positions  of  small  stars.  Lament  employed  a  magni-^ 
fying  power  of  1200.  Sir  William  Herschel  thought  that 
he  had  satisfactorily  convinced  himself,  by  the  comparison  of 
his  own  observations  made  with  the  same  instruments 
from  1783  to  1811,  that  changes  had  taken  place  in 
the  relative  brightness  and  in  the  outlines  of   the  great 
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ula  in  Orion  (*^).     BouiHaud  and  Le  Gentil  had  as- 
d  the  Sctme  of  tbe  nebula,  in  Andromeda.     The  coii- 
i  investigations  of  the  younger  Herschel  render  these, 
,s  sujiposed  well  assured)  cosmical  alterations,  at  least 
exceedingly  doubtful. 

Great  nebula  round  q  Aretes. — This  nebula  is  situated 

H^  lliftt  part  of  tlie  Milky  Way,  so  distinguished  for  its 

Uprightness,  which  extends  iiota  the  feet  of  the   Centaur 

B through  the  Southern  Cross  to  the  middle  portion  of  the 

constellation  of  the  Ship.     The  lustre  of  this  region  of  the 

hesveus  is  so  extraordinary  that  an  accurate  observer  residing 

I  in  India,  Captain  Jacob,  reuiarksj  in  full  accordance  with  my 
tewn  experience  during  four  years  passed  within  the  tropics, 
'"tliatsuch  is  the  general  blaze  from  that  part  of  the  sky, 
that  a  person  is  immediately  made  aware  of  its  having  risen 
*bove  the  horizon,  tliough  he  should  not  be  at  the  time 
looking  at  the  heavens,  by  tlie  increase  of  general  illumination 
ff  the  atmosphere,  resembling  the  effect  of  the  youiig  moon" 
(*").  The  nebula,  iu  the  middle  of  which  the  star  i)  Argiis, 
*liioh  has  become  so  celebrated  on  account  of  the  changes 
I  «  brightness  wliich  it  has  undergone  (*^^)j  is  situated,  covers 
I  Wove  ^thi  of  a  square  degree  of  celestial  space.  It  consists 
1 «  several  amorphous  masses  of  unequal  intensity  of  light, 
I  Uid  no  where  sliows  that  mottled  grauular  appearance  whicli 
f  *  considered  to  indicate  resolvabiliiy.  It  encloses  a  singo- 
wlj  shaped  vacuity  covered  with  a  very  faint  degree  of 
"glit,  and  forming  a  lengthened  leiiamiscnte-oval.  A  fine 
^eaentation  of  the  whole  phenomenon,  the  fruit  of  two 
L  "lontha  measurements,  is  found  iu  the  Cape  Observations  ''f 
I  wl  John  Hcrscliel  {"b).  This  astronomer  has  determined 
I  >n  the  nebula  of  i;  Argus  not  less  than  1216  positions  of  stars 
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mostly  from  the  14th  to  the  1 6th  magnitude.     Theslan 
form  a  series  which  is  contiuued  far  beyond  the  nebula  into 
the  Milky  Way,  where  they  are  projected  against,  and 
detach  themselves  from,  the  blackest  background  of  skj« 
They  are,  therefore,  probably  not  connected  with  the  nebula 
itself,  and  may  be  very  distant  from  it.     The  whole  of  the 
adjacent  portion  of  the  Milky  Way  is,  indeed,  so  rich  in 
stars  (not  star-clusters),  that  between  9^  50™  and  11**  84^ 
K.  A.,  there  have   been  found  by   "  star-gauging*'  8138 
stars  on  an  average  to  each  square  degree.     This  number 
even  rises  to  5093  in  the  "  sweeps"  for  11^  24"  fi.  A. ;  being 
more  stars  than  are  visible  to  the  naked  eye,  (t.  e.  stars  from 
the  1st  to  the  6th  magnitude),  for  the  horizon  of  Paris  or 
that  of  Alexandria  (*30). 

The  nebula  in  Sagittaritis. — This  nebula  is  of  conside- 
rable extent,  and,  as  it  were,  composed  of  four  distinct 
masses  (R.  A.  17^  53"^  N.  P.  D.  114°  21'),  one  of  which  is 
again  subdivided  into  three.  All  are  interrupted  by  places 
devoid  of  nebulous  appearance,  and  the  whole  had  been  im- 
perfectly seen  by  Messier  (*3i). 

The  nebula  in  Cygnus, — Consists  of  several  irregular 
masses,  one  of  which  forms  a  very  narrow  divided  band 
passing  through  the  double  star  ri  Cygni.  The  connection 
of  these  very  dissimilar  nebulous  masses  by  a  singular  ap- 
pearance of  cellular  texture  was  first  perceived  by  Mason  (*3*). 

The  nebula  in  Vulpes, — Was  imperfectly  seen  by  Mes- 
sier, and  is  No.  27  of  his  list;  it  was  discovered  on  the 
occasion  of  the  observation  of  Bode's  comet  of  1779.  The 
exact  determination  of  the  position  (R.  A.  19^  52",  N.  P.  D. 
67°  48'),  as  well  as  the  first  drawing  of  this  nebula,  were 
given  by  Sir  John  Herschel.     It  received  the  name  of 
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*'  Dumb-bell''  from  its  apparent  shape  as  seen  with  a  reflector 
of  eighteen  inches  aperture  (Phil.  Trans.,  1833,  No.  2060, 
fig.  26;  Outlines,  §  881).  The  resemblance  to  a  Dumb-bell 
«itbely  disappeared  when  viewed  with  a  3-feet  reflector  of  Lord 
Eosse  (*^^),  for  whose  recent  and  important  representation  of 
this  nebula  see  Phil.  Trans.  1850,  PI.  xxxviii.  fig.  17.  It  was 
resolved  by  the  same  telescope  into  numerous  stars,  inter- 
spersed amongst  still  subsisting  nebulous  appearance. 

Spiral  nebula  in  the  northern  Cams  venations, — This 
nebula  was  first  observed  by  Messier  on  the  13th  of  October, 
1773  (on  the  occasion  of  the  comet  discovered  by  him) :  it  is 
in  the  left  ear  of  Asterion,  very  near  the  star  n  (Beuetuasch) 
in  the  tail  of  the  Great  Bear,  (No  51  Messier,  and  1622  of  the 
great  Catalogue  in  the  Phil.  Trans.  ]  833,  p.  496,  fig.  25).  It 
is  one  of  the  most  remarkable  phenomena  in  the  firmament, 
as  well  on  account  of  its  wonderful  configuration,  as  of  the 
unexpected  transforming  effect  exerted  upon  its  appearance  by 
LordEosse^s  6-foot  speculum.  In  the  18-inch  reflector  of  Sir 
John  Herschel  this  nebula  appeared  globular,  and  surrounded 
by  a  widely  detached  ring ;  thus  affording  as  it  were  an 
image  or  counterpart  of  our  sidereal  stratum  and  Milky  Way 
(*34).     In  the  spring  of  1845,  however,  the  great  telescope 
of  Lord  Bosse  transformed  the  entire  object  into  a  luminous 
spiral,  in  which  the  convolutions  are  not  symmetrically  dis- 
posed, but  prolonged  in  one  direction,  and  the  two  extre- 
mities, one  near  the  centre  and  the  other  towards  the  exterior, 
terminate  in  dense,  granular,  rounded  nuclei.     Dr.  Nichol 
has  published  a  drawing  of  this  object  (the  same  which  was 
presented  by  Lord  Bosse  to  the  meeting  of  the  British  Asso- 
ciation at  Cambridge  in  1845)  (*3*) ;  but  the  most  perfect 
representation  is  that  by  Mr.  Johnstone  Stoney  in  the  Phil. 
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Trans,  for  1850,  Part  11,  PI.  xxxv.  fig.  1,  Similar  spiral 
forms  are  seen  in  No.  99  Messier  with  a  single  central 
nucleus,  and  in  other  northern  nebulae. 

We  have  next  to  speak  in  greater  detail  than  could  be 
done  in  the  General  View  of  Nature  (*36)  of  an  object  un- 
paralleled in  the  entire  firmament,  and  which  greatly  enhances 
the  picturesque  beauty,  so  to  speak,  of  the  southern  celestial 
hemisphere.  The  two  Magellanic  clouds  (which  were  pro- 
bably first  called  by  Portuguese  and  then  by  Dutch  and 
Danish  navigators,  Cape-Clouds)  (*37)^  arrest  the  attention  of 
the  tiaveller,  as  I  have  myself  experienced,  in  the  most 
forcible  manner,  by  their  brightness,  their  remarkable  isolated 
position,  and  their  revolution  at  unequal  distances  round 
the  southern  pole.  That  the  name  which  refers  to  Magd- 
lan's  voyage  of  circumnavigation  was  not  their  earliest  de- 
signation is  proved  by  the  express  mention  and  description 
of  these  luminous  clouds  by  the  Florentine,  Andrea  Corsali, 
in  his  voyage  to  Cochin,  and  by  Petrus  Martyr  de  Anghiera, 
Secretary  to  Ferdinand  of  Arragon,  in  his  work  de  Bebus 
Oceanicis  et  Orbe  Novo  (Dec.  i.  lib.  ix.  p.  96)  (^ss).  Both 
these  notices  belong  to  the  year  1515,  whereas  Pigafetta, 
who  accompanied  Magellan,  does  not  mention  the  "  neb- 
biette^^  in  the  journal  of  the  voyage  previous  to  Januaiy 
1521,  when  the  ship  Victoria  made  her  way  from  the  Pata- 
gonian  Strait  into  the  South  Pacific  Ocean.  The  older 
name  of  ^'  Cape-Clouds^^  is  certainly  not  to  be  attri- 
buted to  the  proximity  of  the  still  more  southern  constel- 
lation of  the  Table-Mountain,  which  was  itself  only  intro- 
duced by  Lacaille.  The  name  may  more  probably  refer  to 
the  real  Table-Mountain,  and  to  the  phenomenon,  long 
dreaded  by  seamen  as  portending  tempest,  of  a  small  dond 
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^'eatiiig  on  its  summit.  "We  abaU  see  presently  tliat  tlie 
^lubeoulffi  of  the  southera  heavens,  after  having  long  been 
'ioticed  but  without  receiving  any  name,  as  navigrition  ex- 
teiJed  and  commercial  routes  became  more  frequented, 
graiJually  obtained  names  derived  from  tbose  routes. 

The  frequent  navigation  of  tbe  Indian  sea  adjacent  to  the 

sliores  of  Eastern  Africa,  especially  from  the  time  of  the 

-E^tolemies  and  in  the  voyages  in  which  advantage  was  taken 

of  the  Monsoons,  first  made  navigators  actjuainted  with  tlie 

Constellations  near  the  southern  pole.     As  has  been  already 

I'emarked,  it  is  among  the  Arabians  that  we  fiud  as  early  as 

«ie  middle  of  the  tenth  ceutury,  a  name  for  tlie  larger  of 

t'ixt  Magellanic  clouds  which  Ideler  has  identified  with  tlio 

C^hite)  Oi,  el-bakar,  of  the  celebrated  astronomer  Dervish 

Aldnrrahman  Sufi  of  Bai,  a  town  io  the  Persian  Irak.     In 

the  "  Introduction  to  the  Knowledge  of  the  Starry  Heavens," 

■Written  at  the  Court  of  the  Sultans  of  the  Dynasty  of  the 

-Btijides,  he  says  : — "  Below  the  feet  of  Suhel"  {it  is  ex- 

I>tessly   the  Subcl   of   Ptolemy,   Canopus,  wliich  is   here 

**a€ant,  although  the  Arabian  astronomers  also  gave  the  name 

^f  '  Suliel,'  to  several  other  large  stars  in  the  constellation  of 

"  el  Sefina"  or  the  Ship),  "  there  is  a  white  patch,  which  is 

^ot  Been  either  in  Irak,"  (in  the  region  of  Bagdad),  "nor  in 

Nedschd,"  {Nedjed,  the  northern  and  more  mountainous  part 

of  Arabia),  "but  is  seen  in   southern  Tehama,  between 

Mecca  and  the  point  of  Yemen,   along  the  shore  of  the 

iea"  {"3).     The  position  of  the  "White  Os"  rek- 

:   tivelj  to  Canopus  is  here  assigned  with  sufficient  accuracy  for 

tlie  unassisted  eye;  for  the  Right  Ascension  of  Canopus  is 

"^  SO",  and  the  eastern  margin  of  the  lai^er  Magellanic 

1   clwid  is  in  6''   0™   Eight   Ascension.     The  visibihty   (^.. 

Q  2  ^ 
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the  nubecula  major  in  northern  latitudes  caimot  have  heen 
materially  altered  since  the  tenth  century  by  the  precession 
of  the  equinoxes^  for  in  the  course  of  the  nert  ten  centuries 
it  reached  its  maximum  distance  from  the  north.  Taking 
the  most  recent  determination  of  the  place  of  the  larger 
cloud  by  Sir  John  Herschel^  we  find  that  in  the  time  of  Ab- 
durrahman Sufi  it  was  perfectly  visible  as  far  north  as  17^ 
N.  Lat. ;  at  present  it  is  so  nearly  to  18°.  The  nubecolfe 
might  therefore  have  been  seen  throughout  the  whole  of  the 
south-west  of  Arabia,  the  incense-producing  country  of  Had- 
hramaut^  as  well  as  in  Yemen^  the  ancient  seat  of  civilization  of 
Saba  and  of  the  early  immigration  of  the  Joctanides.  The 
extreme  southern  point  of  Arabia,  at  Aden  on  the  Straits  (A 
Bab-d-Mandeb,  is  in  12°  45',  and  Loheia  is  only  in  16°  44' 
North  Lat.  The  rise  of  many  Arab  settlements  on  the  inter- 
tropical east  coast  of  Africa,  both  north  and  south  of  the 
equator,  also  naturally  led  to  a  more  complete  and  detailed 
acquaintance  with  the  southern  constellations. 

Of  civilised  navigators,  the  first  who  visited  the  West  Coast 
of  Africa  beyond  the  line  were  Europeans,  and  first,  and  moK 
especially,  Catalonians  and  Portuguese.  Undoubted  docu- 
ments, i.  e,  the  Map  of  the  World  of  Marino  Sanuto  Torsello, 
of  the  year  1306;  the  Genoese  "PortulanoMediceo'^of  18B1; 
the  "  Planisferio  de  la  Palatina,''  1417 ;  and  the  "  Mappa- 
mondo^^  of  Era.  Mauro  Camaldolese,  between  1457  and 
1459,  shew  that  178  years  before  the  reputed  first  discoveiy 
of  the  Cabo  Tormentoso  (the  Cape  of  Good  Hope)  by  Bar- 
tholomew Dias,  in  the  month  of  May  1487,  the  triangular 
configuration  of  the  southern  extremity  of  the  AMcan  con- 
tinent was  already  known  (**o).  After  Gama's  expedition, 
the  rapidly  increasing  importance  of  the  commercial  route 
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■KOUud  the  Gape,  formmg  the  geueral  object  of  nJI  voyugea 
Hllltmg  the  western  coast  of  Africa,  led  to  the  two  clouds  or 
Htubeculffi  being  called  by  navigators  the  "  Cape  Clouds," 
Hfn  being  remarkable   celestial   pheuomeua   seen   in   Cape 

^^  On  the  east  coast  of  America,  the  continued  attempt^s  to 
^■drtuLCG  southward  beyond  the  equator,  and  even  to  the 
^■fiutliern  extremity  of  the  contiaeat,  from  the  expeditio])  of 
^Blouso  de  Ilojeda,  which  Amerigo  Vespucci  accompanied  in 
^bL4S3,  to  the  expedition  of  Magellan  with  Sebastian  del  Gauo 
^n)  1521,  and  that  of  Garcia  de  Loyasa  {**')  with  Francisco 
tdisHoceain  1525,  had  the  effect  of  continually  directing 
I      tlie  attention  of  navigators  to  the  southern  constellations. 
According  to  the  journals  which  we  possess,  and  to  the  his- 
I      torical  testimonies  of  ADghiera,  this  was  especialiy  the  case 
B  tlie  voyage  of  Amerigo  Vespucci  and  Vicente  Yanez 
1,  in  which  Cape  St.  Augustio,  in  8°  20'  S,  Lat.  was 
iBcovered,     Vespucci  boasts  of  having  seen  three  Cano- 
Jubs  (one  dart,  "  Canopo  foseo,"  and  two  "  Canopi  ris- 
Sendenti").     According  to  the  attempt  made  by  Ideler,  the 
igeuioue  author  of  works  ou  Sidereal  Nomenclature  and  on 
Clinmology,   to  elucidate  Vespucci's  very  confused  descrip- 
tion of  the  southern  heavens  in  his  letter  to  Lorenzo  Pier- 
(rancesco  de  Medici,  Amerigo  must  have  used  the  word 
."Canopus"  in  a  manner  as  vague  as   did  Arabian  astro- 
^iDiers  the  word  "Suhcl."     Ideler  shows  thai  the  "Canopo 
foMo  nella  via  lattea,"  was  no  other  than  the  black  s])Ot,  or 
Juge  "coal-bag,"  in  the  southern  cross  ;  and  that  the  position 
^  three  stars  supposed  to  be  identified  with  a,  (9,  and  y  of 
tiio  constellation  of  Hydrus,  renders  it  highly  probable  that 
.^"Canopo  risplendente  di  uotabile  graudezaa,"  was  the 
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nubecula  major,  and  the   second  "Canopo  risplendente/' 
the  nubecula  minor  (**2).      it  seems  surprising  that  on 
becoming  acquainted  with  these  new  celestial  objects  Yes- 
pucci  should  not  have  compared  them,  as  at  first  sight  all 
other  observers  have  done,  to  "  clouds^' :  such  a  comparisou 
appears  to  present  itself  almost  irresistibly.     Petrus  Martyr 
de  Anghiera,  who  was  personally  acquainted  with  all  the 
discoverers  of  that  remarkable  epoch,  and  whose  letten 
are  written  under  the  vivid  impression  received  by  him 
from  their  narrations,  depicts  in  an  unmistakeable  man- 
ner the  mild  but  unequal  light  of  the  nubeculse :  he  sajii 
"  Assecuti  sunt  Portugallenses  alterius  poli  gradum  qnin- 
quagesimum  amplius,  ubi  punctum  (polum  P)  circumeuntes 
quasdam  nuheculas  licet  intueri,  veluti  in  lactea  via  spaisos 
fulgores  per  universi  coeli  globum  intra  ejus  spatii  lati- 
tudinem^'  (*43).     The  great  celebrity  and  long  duration  of 
Magellan's  voyage  of  circumnavigation  (from  August  1519 
to  September  1522),  and  the  length  of  time  during  which  the 
numerous  party  belonging  to  it  remained  under  the  southern 
heavens,  obscured  the  remembrance  of  earlier  observation, 
and  the  name  of  ^'  Magellanic  clouds''  extended  itself  among 
the  maritime  nations  bordering  on  the  Mediterranean. 

We  have  taken  a  single  example  of  the  manner  in  which 
the  extension  of  the  geographical  horizon  towards  the  South 
opened  a  new  field  to  contemplative  astronomy.  Navigators 
advancing  under  these  new  heavens  felt  peculiar  interest 
and  curiosity  in  four  objects : — the  search  after  a  southern 
pole-star;  the  form  of  the  Southern  Cross,  with  its  upright 
position  when  passing  the  meridian  of  the  place  of  obser- 
vation ;  the  Coal-bags ;  and  the  revolving  luminous  clouds. 
From  Pedro  de  Medina's    "Arte  de  Navegar"    (lib.  v. 
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'  cap,  U),  wtiich  appeared  first  in  1645,  and  was  translated 
niki  many  languages,  we  learn  that  as  early  as  the  first  half 
of  the  sixteenth  century  meridian  altitudes  of  the  "  Cruzero" 
»He  employed  in  determinations  of  latitude :  measuremeni., 
j  therefore,  soon  followed  simple  contemplation.  Tlie  first 
1  osmiiiation  into  the  position  of  stars  near  the  Antarctic 
pole  was  made  by  means  of  distances  from  known  stars 
»iiose  places  had  been  determined  by  Tycho  Brahe  in  the 
&ifolphine  Tables :  the  credit  of  it  belongs,  as  has  been 
ilfeady  remarked  (■***),  to  Petrua  Tlieodori  of  Emden,  and 
fiiedrich  Houtman  of  Hollajid,  who  sailed  over  the  Indian 
s  in  1594.  The  results  of  their  meaaurementa  were 
soon  adopted  in  the  star- catalogues  and  celestial  globes  ot 
Blaeuw  in  160],  Bayer  in  1603,  and  Paul  Merula  in  1605. 
These  were  the  feeble  commencements  of  investigations 
into  the  topography  of  the  southern  heavens  previous  to 
HiUey  (1677),  and  previous  to  the  meritorious  astronomical 
■ieavDurs  of  the  Jesuit  Jean  de  Fontaney,  of  Richaud,  and 
t  Soci.  The  histories  of  astronomy  and  of  geography,  in 
'jb  connection  with  each  other,  bring  before  us  the  same 
tenotable  epochs  as  conducive  alike  to  the  completion  of 
«ie  general  cosmical  picture  of  the  firmameut,  and  of  the 
3  of  the  terrestrial  continents. 
The  two  Magellanic  clouds,  of  which  the  larger  covers 
wttj-two  and  the  smaller  ten  square  degrees  of  the  celestial 
'kJi,  produce  at  first  sight,  as  seen  by  the  naked  eye,  the 
ie  impression  as  would  be  made  by  two  detached  bright 
tions  of  the  Milky  Way  of  corresponding  dimensions. 
Ill  strong  moonlight  the  smaller  cloud  disappears  entirely, 
f'liile  the  larger  one  only  loses  a  considerable  portion  of  its 
w  light.     Ihe  drawing  given  of  them  by  Sir  Juhu  Hersch^ 
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is  excellent^  and  accords  perfectly  with  my  most  vivid 
Peruvian  recollections.  It  is  to  the  arduous  exertions  of  the 
same  astronomer  at  the  Cape  of  Good  Hope  in  1837,  that 
we  owe  the  first  accurate  analysis  of  these  wond^ful  aggre- 
gations of  the  most  various  elements  (**5) .  He  found  therein 
single  scattered  stars  in  great  number;  groups  of  stars  and 
globular  star-clusters ;  and  both  regular  oval,  and  irregular 
amorphous  nebulae^  more  closely  crowded  than  in  the 
nebular  zone  of  Yirgo  and  Coma  Berenicis.  From  the 
complex  character  of  the  nubeculse,  therefore,  they  ought 
not  to  be  regarded  either  (as  is  too  often  done)  as  extra- 
ordinarily  large  nebula,  or  as  detached  portions  of  the 
Milky  Way.  In  the  Milky  Way,  round  star-dusters,  and 
more  especially  oval  nebulae,  are  extremely  rare  phaenomena 
(**^),  excepting  in  a  small  zone  situated  between  the  con- 
stellation of  Ara  and  the  tail  of  Scorpio. 

The  Magellanic  clouds  are  neither  connected  with  each 
other  nor  with  the  Milky  Way  by  any  perceptible  nebulous 
appearance.  The  smaller  nubecula  is  situated  in  what,  ex- 
cepting the  vicinity  of  the  star-cluster  in  Toucani  (**^),  is  a 
kind  of  starless  desert ;  the  larger  Magellanic  cloud  is  in  a 
less  scantily  furnished  part  of  the  celestial  vault.  The 
structure  and  internal  arrangement  of  the  larger  nubecoh 
are  so  complicated,  that  masses  are  found  in  it  (like  No. 
2878  of  Herschers  Catalogue),  in  which  the  general  form 
and  character  of  the  entire  cloud  are  exactly  repeated.  The 
conjecture  of  the  meritorious  Homer,  of  the  nubeculae  having 
once  been  parts  of  the  Milky  Way,  in  which  their  former 
places  can  still  be  recognised,  is  nothing  more  than  a  myth; 
nor  is  the  assertion  of  a  progressive  motion  or  change  of 
position  being  perceptible  in  them  from  the  time  of  LacailH 
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better  founded.  The  iudefiuiteuess  of  their  edgea  as  seeu 
ill  Ifilescopes  of  small  apertarc  had  caused  tlie  positions 
lormerly  assigued  to  them  to  be  inexact,  and  it  has  even 
been  remarked  by  Sir  John  Herschel  that  nubecula  minor 
is  entered  almost  one  hour  in  Right  Ascension  out  of  its  true 
place  iu  celestial  globes  and  star  maps  generally.  According 
to  the  same  authority,  nubecula  minor  is  situated  between 
tliB  meridians  of  0''  aB""  and  l""  15",  and  between  162°  and 
185°  north  polar  distance;  and  nubecula  major  in  4"  40'" 
-fi"  0"'  a.  A.,  aiid  156°— 162°  N,  P.  D.  Of  stars, 
nsbulte,  and  clusters,  he  has  given  iu  Right  Ascension  and 
Declination  no  fewer  than  919  in  the  larger,  and  244  iu  the 
ffliuiler  nubecula.  In  order  to  distinguish  the  three 
d»88e»  of  objects  fcom  each  other  I  have  conuted  np  in 
tkliati— 

In  nubecula  major,  582  stnrs,  291  nebulas,  46  star- 
clusters  : 

In  nubecula  minor,  200  stars,  37  nebulsc,  7  star- 
clusters. 

le  smaller  number  of  nebuire  in  the  nubeciUa  minor  is 
g ;  their  proportion  to  the  nebulte  in  nubecula  major 
B  1  ;  8,  while  the  corresponding  ratio  of  single  staxa 
e  two  nubeculse  is  about  aa  1  ;  3.  These  tabulated 
«s,  almost  eight  hundred  in  number,  are  mostly  of  the 
d  8th  magnitudes, — some  being  between  the  9th  and 
In  the  midst  of  the  nubecula  major  there  is  a 
a  noticed  as  early  as  by  Lacaille,  (30  Uoradus,  Bode, 
[|.a041  of  SirJohnHerschel,)  which  is  without  a  parallel 
y  part  of  the  heavens.  It  hardly  occupies  -j-J-o'-h  ot 
Ka  of  the  entire  nubecub,  and  yet  within  tliis  space 
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Sir  John  Herschel  has  determined  the  positions  of  106 
stars  from  the  14th  to  the  16th  magnitude,  which  are  pro. 
jected  against  or  detach  themselves  from  the  altogether  un- 
resolved, uniformly  shining,  and  unchequered  i^ebulons 
ground  (^^s). 

Opposite  to  the  Magellanic  luminous  clouds,  and  at  a 
greater  distance  from  the  Southern  Celestial  Pole,  there 
revolve  around  it  the  black  spots  or  patches  which  at  an  early 
period,  at  the  end  of  the  fifteenth  and  beginning  of  the  ax- 
teenth  centuries,  attracted  the  attention  of  Portuguese  and 
Spanish  Navigators.     They  probably  constitute,  as  abeady 
noticed,  the  "  Canopo  fosco^'  spoken  of  by  Amerigo  Ves- 
pucci, in  his  third  voyage,  among  the  "three  Canoposes" 
of  which  he  makes  mention.     I  find  the  first  certain  indi* 
cation  of  these  spots  in  the  first  Decade  of  Anghiera^s  w(»rk, 
"De  rebus  Oceanicis.^'     (Dec.  1,  lib.  ix.,  ed.   1533,  p. 
20,  b.)     "Interrogati  a  me  nautse  qui  Vicentium  Agnem 
Pinzonum  fuerant  comitati  (1499),  an  antarcticum  viderint 
polum :  stellam  se  nullam  huic  arcticse  sinulem,  quse  dis- 
cerni  circa  punctum  (polum?)  possit  cognovisse  inquiunt. 
Stellarum  tamen  aliam,  ajunt,  se  prospexisse  faciem  den- 
samque  quandam  ab  horizonte  vaporosam  caliginem,  qa« 
oculos  fere  obtenebraret.'^     The  word  "  stella'^  is  here  taken 
to  mean  generally  a  celestial  form  or  object,  and  the  nar- 
rators may  have  expressed  themselves  rather  indistinctiy 
respecting  a  "caligo^^  which  "darkens  the  eyes/'     Pater 
Joseph  Acosta  of  Medina  del  Campo  speaks  in  a  more  satis- 
factory manner  respecting  the  black  patches  and  the  cause 
of  their  appearance.     In  his  Historia  Natural  de  las  Indias 
(Kb.  i.  cap.  2,)  he  compares  them,  in  respect  to  colour  and 
form,  to  the  dark  part  of  the  moon^s  disk.     ^^  As,''  said  he. 
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the  Milk;  Way  appears  bright  because  it  consists  of  denser 

Hebtial  matter,  and  therefore  radiates  raore  light,  so  the 

isrkpatc/ies  which  are  not  seen    in  Europe  are  entireij 

rithout  light,  because  they  form  a  region  of  the  heavens 

Fiich  is  void)  i.  e.,  composed  of  very  rare    and  highly 

isparent  matter."     That  a  cdebrated  astronomer  should 

e  identified  this  description  with  the  solar  spots  (**")  ia 

less  strange  than  that  the  missionary  Eichand  (1689) 

old  have  taken   Acosta's  "Manchas  negras"  for  the 

inons  Magellanic  Clouds  (**"). 

Sichaud,  like  the  oldest  navigators,  speaks  of  the  "coal- 

fla"  in  the  plural ;  lie  names  two,  one  in  the  Cross,  and 

lOtber  in  Kobur  Caroli ;  in  other  descriptions  this  last  is 

1  divided  into  two  separate  spots  or  patches.     These  are 

ribed  by  Feuill6e  in  the  first  years  of  the  18th  century, 

by  Homer  in  a  letter  written  to  Olbers  from  Brazil  in 

t804,  as  imperfectly  defined  and  with  confused  edges  (**'). 

iWing  my  stay  in  Peru  I  never  could  make  out  in  a  manner 

ratisfttctory  to  myself  the  Coal-sacks  in  Eobur  CaroH,  and 

being  disposed  to  attribute  my  want  of  success  (o  the  low 

altitude  of  the  constellation,  I  turned  for  information  and 

'nstmction  on  the  subject  to  Sir  John  Herschelj  and  to  the 

Director  of  the  Hamburgh  Observatory,  Hr.  Eumker,  both 

ofwhora  had  been  in  much  higher  southern  latitudes.     I 

fcund  that  notwithstanding  all  tlieir  endeavours  neither  of 

gentlemen  had  ever  succeeded  any  more  than  myseK 

iding  anything  which  for  definiteneas  of  outline  or  in- 

blacknesa  could  be  compared  to  the  "  Coi 

)ss.   Sir  John  Herschel  thinks  that  we  ough 

t  plurality  of  coal-sacks  unless  we  intend  tc 
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as  such  every  darker  portion  of  the  heavens^  even  though  i 
may  present  no  definite  boundary;  (as  between  a  Gentaun' 
and  fi  and  y  Trianguli  {^^^),  between  ri  and  0  Argus;  sni 
especially^  in  the  northern  celestial  hemisphere^  the  vacant 
space  in  the  Milky  Way  between  c,  a,  and  y  Cygni)  (**'). 

The  phenomenon  of  this  dass  which  has  been  bngot 
known,  and  which  is  most  striking  to  the  unassisted  eye,— 
viz.  the  dark  patch  in  the  Southern  Cross,  is  situated  on 
the  eastern  side  of  that  constellation,  and  is  pear-shaped, 
with  a  length  of  8  and  a  breadth  of  5  degrees.    There  ii 
in  this  large  space  one  star  visible  to  the  naked  eye,  (between 
the  6th  and  the  7th  magnitude),  and  a  large  number  of 
telescopic  stars  from  the  11th  to  the  13th  magnitudes.   A 
small  group  of  40  stars  occupies  nearly  the  centre  of  the 
space  (*54)^     Paucity  of  stars  and  contrast  with  the  sur- 
rounding brightness  have  been  assigned  as  the  causes  of  tie 
sensible  blackness  of  the  space  in  question ;  and  since  the 
time  of  Lacaille  {^^^)  this  explanation  has  been  generallj 
received.     It  has  been  more  particularly  supported  by  the 
results  of  "  star-gauges  and  sweeps'*  taken  around  the  space 
where  the  Milky  Way  appears  as  if  covered  by  a  black 
cloud.     With  equal  fields  of  view  the  sweeps  gave  withifi 
the  coal-sack  from  7  to  9  telescopic  stars,  (never  perfect 
vacuity  or  blank  fields),   while  around  and  beyond  the 
borders  from  120  to  200  stars  were  counted.     Whilst  I 
remained  under  the  southern  tropic,  and  under  the  influence 
of  the  powerful  impression  made  upon  me  by  the  aspect  of 
the  celestial  canopy  towards  which  my  attention  was  con- 
tinually drawn,  the  above  explanation,  from  the  effect  oi 
contrast,  appeared  to  me,  probably  erroneously,  to  be  ftC 
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vnsa&fiMHoij  one.  Sir  William  Herschel^s  considerationB 
on  the  quite  starless  spaces  in  Scorpio  and  Opliiucus^  which 
lie  terms  ''openings  in  the  heavens/^  led  me  to  the  idea  that 
perhaps  in  such  regions  the  sidereal  strata  may  be  thinner 
or  may  even  be  entirely  interrupted ;  that  our  optical  in- 
stnunents  fail  to  reach  the  last  strata^  and  that  ^'we 
look  as  through  tubes  into  the  remotest  regions  of 
^wje.'^  I  have  already  alluded  elsewhere  to  these  "  open- 
ingjf'  (466J .  and  the  effects  of  perspective  on  such  inter- 
n^ons  in  the  sidereal  strata  have  very  recently  formed  the 
aubject  of  grave  discussion.  (*5^) 

The  consideration  of  the  outermost  and  remotest  strata 
of  self-luminous  worlds^  the  distances  of  iiebulse,  and  all 
the  subjects  which  have  been  crowded  into  the  last  of 
fte  seven  sidereal  or  astrognostic  sections  of  this  work, 
ffl  our  imagination  with  images  of  time  and  space  sur- 
pBsing  our  powers  of  conception.  Great  and  admirable  as 
We  been  the  advances  made  in  the  improvement  of  optical 
Instruments  within  the  last  sixty  years,  we  have  at  the  same 
ftne  become  sufficiently  familiar  with  the  difficulties  of 
4ar  construction  not  to  give  ourselves  up  to  such  daring, 
*Dd,  indeed,  extravagant  hopes,  as  those  with  which  the  in- 
genious Hooke  was  seriously  occupied  between  1663  and 
1665  (♦5®).  Here,  also,  we  advance  further  and  more  se- 
e«idy  towards  the  goal  by  moderation  in  our  anticipations, 
iich  of  the  successive  generations  of  mankind  is  in  its  turn 
Qtthled  to  rejoice  in  the  greatest  and  highest  results  attain- 
•Ue  by  man's  intellect  freely  exerted  from  the  standing 
pl>ce  to  which  art  may  then  have  risen.     Without  enun- 

Q^ting  in  determinate  numbers  the  extent  of  space-pene- 


258  SPECIAL  BESULTS  IN  THE  U&ANOLOGICAL 

trating  power  already  achieved  in  telescopic  vision^ 
without  laying  much  stress  upon  such  numbers,  still  our 
knowledge  of  the  velocity  of  light  teaches  us,  that  in  the 
faint  glimmer  proceeding  from  the  self-luminous  surface  oi 
the  remotest  heavenly  body  we  have  "the  most  ancient 
sensuous  evidence  of  the  existence  of  matter  {^^^)" 
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P,  The  Solar  Domain. 

f  Janets  and  their  satelliteSy  comets,  ring  of  zodiacal 
light,  and  meteoric  asteroids. 

When  in  the  Uranological  portion  of  the  physical  descrip- 
tion of  the  Universe  we  descend  from  the  heaven  of  the 
fixed  stars  to  our  solar  and  planetary  system,  we  pass  from  the 
great  and  universal  to  the  relatively  small  and  special.  The 
domain  of  the  Sun  is  the  domain  of  a  single  fixed  star 
BBdong  the  myriads  which  the  telescope  discloses  to  our 
view ;  it  is  the  limited  space  within  which  cosmical  bodies 
frf  very  difierent  kinds,  obeying  the  immediate  attraction  of 
one  central  body,  revolve  around  the  same  in  wider  or  nar- 
rower orbits,  either  alone  or  accompanied  by  other  bodies 
•fanilar  to  themselves  and  revolving  round  them.  In  the  side- 
leal  portion  of  Uranology  which  I  have  attempted  to  treat 
in  the  earlier  part  of  the  present  volume,  I  have  indeed  de- 
scribed among  the  millions  of  telescopic  fixed  stars,  one 
dass,  that  of  double  stars,  which  also  presents  particular 
systems,  either  binary  or  consisting  of  more  than  two  mem- 
kers;  but  these,  notwithstanding  the  analogy  of  their 
impelling  forces,  are  yet  in  their  nature  different  from  our 
olar  system.  In  them,  self-luminous  fixed  stars  move 
round  a  common  centre  of  gravity  which  is  not  occu- 
ied  by   visible  matter;   in  the  solar  system,  dark   cos- 
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mical  bodies  revolve  round  one  which  is  self-luminous; 
or,  to  speak  more  precisely,  round  a  common  centre  of 
gravity,  which  is  sometimes  included  within,  and  sometimes 
falls  without,  the  central  body.  "The  great  ellipse  which 
the  Earth  describes  round  the  Sun  is  reflected  in  a  small  but 
otherwise  entirely  similar  ellipse,  in  which  the  centre  of  the 
Sun  moves  round  the  common  centre  of  gravity  of  theEarA 
and  Sun/^  Whether  the  planetary  bodies,  among  which  the 
interior  and  exterior  comets  must  also  be  included,  are  iwt 
also  partially  capable  of  originating  light  of  their  own,  be* 
sides  that  which  they  receive  from  the  central  body,  )B» 
question  which  in  these  general  indications  needs  not  to  be 
further  touched  upon.   ' 

We  have  hitherto  no  direct  evidence  of  the  existenoeflf 
dark  planetary  bodies  revolving  round  other  fixed  sIiib. 
Should  such  exist,  as  was  surmised  long  before  Jjmb&A.hj 
Kepler,  the  faintness  of  reflected  light  must  probably  fat 
ever  forbid  their  being  seen  by  the  inhabitants  of  ib. 
Earth.  If  the  nearest  fixed  star,  a  Centauri,  is  distant  fron 
the  Sun,  226,000  semi-diameters  of  the  Earth^s  orlrit,  a 
7523  semi-diameters  of  Neptune's  orbit, — and  if  the  aolir 
distance  of  the  aphelion  of  a  comet  of  very  wide  elongatioi^ 
that  of  1680  (to  which,  although  on  very  insecure  groiudi^. 
a  period  of  8800  years  has  been  attributed),  is  equal  to  28. 
distances  of  Neptune, — the  distance  of  a  Centauri  will  itillhB 
270  times  more  than  the  extent  of  our  solar  domain  tika 
to  the  aphelion  of  that  most  distant  comet.  Weseetho 
reflected  light  of  Neptune  at  30  times  the  distance  of  tta 
Earth  from  the  Sun :  if  in  more  powerful  telescopes  to  ha 
hereafter  constructed  there  should  be  discovered  flaw 
more  planets  at  distances  successively  increasing,  so  thai  the 
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ir  one  ahonld  be  a  hundred  times  the  Earth's  distance 
tt  (JiP  Sun,  this  would  still  not  be  an  eighth  part  of  the 
ftnce  of  the  aphelion  of  the  above  mentioned  comet,  or  the 

Moth  part  (*^)  of  that  from  which  we  should  have  to 
f  the  reflected  hght  of  a  planet  or  satellite  revolving 

Bad  n  Centauri.  But  it  may  be  asked,  is  the  assumption 
■  sf  the  existence  of  planets  or  aatcllit-es  revolving  round  the 
filed  stars  unconditionally  neceasary.  K  we  glance  at  the 
subordinate  particular  systems  within  our  general  planetary 
system,  we  find,  notwithstanding  the  analogies  which  may 
be  presented  by  those  planets  round  which  many  satelhtea 
Ktolve,  that  there  are  also  other  planets.  Mercury,  Venus, 
and  Mars,  which  have  not  even  a  single  satellite.  If  we 
pasafrom  what  is  simply  possible  and  coniine  ourselves  to^ 
•hat  has  been  actually  investigated,  we  shall  be  vividly 
iflipreaBed  by  the  idea  that  the  solar  system,  especially  as 
the  last  ten  years  have  disclosed  it  to  us,  affords  the  fullest 
picture  of  easily  recognised  direct  relations  of  many  cos- 
mical  bodies  to  one  central  one. 

In  the  astronomy  of  measurement  and  calculation,  the 
more  hmited  space  of  the  planetary  system,  by  reason  ot. 
this  very  limitation,  offers,  a.s  compared  witii  the  considera- 
tion of  the  heaven  of  the  fised  stars,  iucoutestable  advan- 
tages in  respect  to  the  evidence  and  certainty  of  the  results 
obtMiied.  Much  of  sidereal  astronomy'  is  simply  contem- 
plative ;  it  is  so  in  regard  to  star-clusters  and  nebulae^  and 
nL'O  the  very  ijisecurely  grounded  photometric  classification 
of  the  fixed  stare.  The  best  assured  and  most  brilliant 
department  in  astrognosy,  and  which  in  our  own  time  has 
received  such  exceeding  improvement  and  enlargement. 


^ 
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that  of  the  determination  of  positions  in  Sight  Ascension 
and  Declination,  whether  of  single  fixed  stars,  or  of  double 
stars,  star-clusters,  and  nebulae.  Measurable  relations  of  a 
more  difficult  class,  but  yet  susceptible  of  a  greater  or  less 
degree  of  accuracy,  are  presented  by  the  proper  motion  of 
stars ; — the  elements  by  means  of  which  their  parallax  may 
be  sought; — telescopic  star-gaugings,  throwing  light  on 
their  distribution  in  space; — and  the  periods  of  variable 
stars  and  slow  revolutions  of  double-stars.  Subjects  which 
by  their  nature  escape  from  the  domain  of  measurement, 
properly  so  called,  such  as  the  relative  position  and  the 
forms  of  sidereal  strata  or  annuli ;  the  arrangement  of  ihe 
structure  of  the  universe ;  the  effects  of  rapidly  transforming 
natural  agencies  (*^^)  in  the  blazing  forth  and  speedily  suc- 
ceeding extinction  of  what  have  been  called  new  stars,  all 
affect  the  mind  the  more  vividly  and  profoundly  from  th* 
wide  scope  which  they  furnish  to  the  fascinating  exercise  at 
the  imaginative  faculties. 

We  purposely  abstain  in  the  following  pages  from  all 
considerations  respecting  the  connection  of  our  solar  system 
with  the  systems  of  the  other  fixed  stars ;  we  do  not  propose 
to  return  to  questions  respecting  the  subordination  and  mutual 
dependence  of  different  systems, — questions  which  appear  to 
grow  out  of  what  are  felt  to  be  intellectual  wants ;  as  f(Hr 
example,  whether  our  sun  be  not  itself  in  a  state  of  planetary 
dependence  on  a  higher  system,  perhaps  not  even  as  a 
primary  planet,  but  only  as  the  satellite  of  a  planet,  like  the 
moons  of  Jupiter  in  our  own  system.  We  limit  ourselves  to  the 
home  circle  of  the  solar  domain  itself;  and  in  doing  so  we 
enjoy  the  advantage  that,  with  the  exception  of  what  relates 
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to  the  interpretation  of  the  appearance  of  the  surfaces,  and 
to  the  gaseous  envelopes  of  the  different  orbs,  to  the  simple 
or  divided  tails  of  comets,  the  ring  of  zodiacal  light,  and  the 
enigma  of  the  phenomenon  of  meteoric  asteroids, — almost 
all  the  results  of  observation  are  susceptible  of  reduction  to 
numerical  relations,  and  all  present  themselves  as  conse- 
quences of  assumptions  admitting  of  being  brought  to  the 
test  of  strict  demonstration. 

Such  demonstration  does  not  fall  within  the  scope  of  this 
"Sketch  of  a  Physical  Description  of  the  Universe,^'  but  the 
methodical  presentation  of  the  numerical  results  in  a  brief 
and  collected  form  does  belong  to  the  plan  of  such  a  sketch. 
Hiese  results  constitute  the  rich  inheritance  which,  evermore 
growing  by  continual  accession,  is  handed  down  from  one 
century  to  another.     A  table  containing  the  numerical  ele- 
ments of  the  planets  (showing  in  the  case  of  each  planet  its 
mean  distance  from  the  sun,  its  period  of  revolution,  excen- 
tncity  of  orbit,  inclination  to  the  ecliptic,  diameter,  mass, 
and  density),   gives   in  an   exceedingly   small   space    the 
standard  of  knowledge,  or  the  intellectual  height  in  this 
respect,  to  which  the  age  has  attained.     If  we  throw  our- 
selves back  in  imagination  for  a  moment  into  the  times  of 
classical  antiquity,  and  figure  to  ourselves  Philolaus  the  Pytha- 
gorean (the  instructor  of  Plato),  Aristarchus  of  Samos,  or  Hip- 
parchus,  in  possession  either  of  a  sheet  with  such  a  table  of 
numbers,  or  of  a  graphical  representation  of  the  planetary 
orbits  such  as  is  given  in  our  briefest  elementary  works,  we 
could  only  compare  the  astonishment  of  these  men,    the 
neroes  of  the  earlier  more  limited  knowlege,  to  that  of  Eras- 
toBthenes,  Strabo,  or  Ptolemy,  if  one  of  our  maps  of  the 
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worlds  on  Mercator's  projection^  of  a  few  inches  in  toM, 
conld  have  been  placed  before  them. 

The  return  of  comets  in  closed  elUptic  orbits^  inasmuch  as 
it  is  the  result  of  the  attracting  force  of  the  central  body^ 
must  be  held  to  indicate  their  comprehension  within  the 
boundary  of  the  solar  dominion.    But  since  we  are  nncer- 
tain  whether  comets  may  not  hereafter  appear^  tl»  major 
axes  of  whose  ellipses  shall  be  found  to  exceed  in  length  ai^ 
of  those  which  have  yet  been  calculated,  we  can  only  say  that 
the  remotest  cometary  apheUon  with  which  we  are  acquaiirfed 
marks  the  smallest  or  least  distant  limit  which  can  be  assigned 
to  the  solar  system,  i.e.  its  minimum  extension.  We  r^ard  the 
solar  system,  therefore,  as  being  characterised  by  the  visible 
and  measurable  results  of  central  forces  acting  within  tiie 
system,  and  by  cosmical  bodies  (planets  .and  comets)  wMok^ 
revolve  in  closed  paths  around  the  sun,  and  remain  attached^ 
to    it  by  a  direct  and  positive  connection.     The  attracdoizm. 
exerted  by  the  sun  in  wider  spaces  beyond  those  Ktiiininjr 
and  revolving  bodies   on   other  suns  or  fixed   stars,   d< 
not  belong  to  the  considerations  with  which  we  are 
engaged. 

The  solar  domain  comprehends,  according  to  the  state  of 
our  knowledge  at  the  close  of  the  first  half  of  the  nineteenth 
century,  and  arranging  the  planets  in  the  order  of  their 
distances  from  the  central  body — 

TWENTY-TWO  PLANETS.  (Meeouey,  Venus,  EabtH, 
Mars;  Flora,  Victoria,  Vesta,  Iris,  Metis,  Hebe,  Par- 
thciioj^e,  Irene,  Astrcea,  Egeria,  Juno,  Ceres,  Tailed* 
Hygiea;  Jupiter,  Saturn,  Uranus,  Neptune.) 

TWENTY-ONE  SATELLITES.     (1  belonging  to  tl*^ 
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Earth,  4  to   Jupiter,  8   to   Saturn,    6  to   Uranus,  2   to 
Ncjituue) . 

One  huudred  and    ninety-seven    Comets,    wliose   ])atha 
I  iiave  been  calculated:  amongst  thenj  are  6  iutarior,  (.  e. 
►hose  nphelia  are  included  within  the  outermost  planet-arj- 
(tbit,  viz,  tlmt  of  Neptune. 

The  Bolar  systum  comprises,  besides  the  above-mentioned 
iedies,  with  great  probability,  the  rini}  of  the  Zodiacal 
lisht,  situated  j)erliai>s  betw^su  the  orbits  of  Venua  and 
Kvs. 
And,  according  to  the  opinion  of  many  observers,  Ibe 
Vt  of  meteoric  asteroids  wbieh  intersect  the  Earth's 
frtli,  more  especially  at  particular  points. 

In  the  above  enumeration  of  the  22  planets,  of  which  6 
•Bre  known  previous  to  the  13th  of  March  1781,  the  8 
(peater  planets  are  distinguished  by  larger  type  from  the 
li  smaller  planets,  sometimes  called  "  co-]ilanets,"  or 
asteroids,"  whose  intersecting  orbits  are  situated  between 
Mars  and  Jupiter. 

In  the  modern  history  of  planetary  discoveries,  the  leading 
<poc]is  have  been  the  discovery  by  William  Herschel  at 
Batkon  the  ISth  of  March,  1781,  of  Uranus,  being  the 
fcst  planet  discovered  beyond  the  orbit  of  Saturn,  and 
'wognised  as  a  planet  by  its  disk  and  by  its  motion ; — the 
femvery  by  Piazzi,  at  Palermo,  on  the  1st  of  January,  1 801, 
Ot  Ceres,  the  first  of  the  smaller  planets  ; — the  recognition 
"jEucke,  at  Got  ha,  in  AugustlSlfl,  of  the  first  "interior" 
Mmet; — and  the  announcement  from  calculations  of  plane- 
W  ilisturbances  of  the  existence  of  Neptune  by  Le  Verrier, 
1 1'aris,  in  August  1846,  as  well  as  its  actual  discovery  by 
"""c,  at  Berlin,  on  the  23d  of  September  of  the  same  year. 
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Each  of  these  important  discoveries  has  not  only  had  for  ita 
direct  result  the  immediate  enlargement  and  enrichment  of 
the  solar  system  as  known  to  mankind,  bat  it  has  also  given 
occasion  to  numerous  similar  discoveries :  to  the  recognition 
of  5  other  interior  comets  (by  Biela^Faye,  de  Vice,  Brorsen,  and 
D' Arrest,  between  1826  and  1851 ;  and  of  18  small  planets, 
three  of  which  (Pallas,  Juno,  and  Vesta),  were  discovered 
between  1801  and  1807,  and  after  an  interval  of  folly  thirty- 
eight  years,  in  rapid  succession,  following  the  happy  and  weD- 
planned  discovery  of  Astrsea  by  Hencke,  December  8, 1845, 
of  nine  others  by  Hencke,  Hind,  Graham,  and  de  Gasparis, 
from  1845  to  the  middle  of  1851.  Attention  to  comets 
has  so  much  increased,  that  in  the  last  eleven  years  the 
paths  of  33  newly  discovered  comets  have  been  calculated, 
being  nearly  as  many  as  were  computed  in  the  course  of  the 
forty  preceding  years  of  the  present  century. 
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I. 


THE  SUN  AS  A  CENTRAL  BODY 

*'  The  luminary  of  the  World  (luceraa  Mundi),  enthroned 
in  the  midst/^  as  Copernicus  (*^^)  terms  the  solar  orb, — ac- 
cording to  Theon  of  Smyrna  (*6^)  the  "  all  animating,  pul- 
sating heart  of  the  Universe,'' — is  to  our  planet  the  great 
source  of  light  and  radiant  heat,  and  the  exciter  not  only  of 
many  terrestrial  electro-magnetic  processes,  but  also  of  the 
greater  part  of  the  processes  of  organic  vital  activity,  and  more 
especially  of  those  of  vegetable  life.     The  Sun,  if  we  desire 
to  indicate  its  influences  and  effects  with  the  greatest  gene- 
rality, may  be  said  to  produce  changes  on  the  surface  of  the 
^arth  partly  by  attraction  of  mass,  as  in  the  ebb  and  flow 
^f  the  ocean  (if  we  abstract  from  the  whole  effect  the  portion 
^^e  to  lunar  attraction) ;  partly  by  light-  and  heat-exciting 
^^dulations,  (transverse  vibrations  of  the  ether),  operating 
Mh  directly,  and  also  by  the  fertilising  intermixture  of  the 
Serial  and  aqueous  envelopes  of  the  planet,  effected  through 
^'ic  medium  of  the  evt»poration  of  the  liquid  element  from 
**^s,  lakes,  and  rivers.     To  the  solar  agency  are  also  due 
^^se  atmospheric  and  oceanic  currents  occasioned  by  dif- 
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ferences  of  temperature,  of  which  the  latter  have  acted  for 
thousands  of  years,  and  still  continue  to  act  though  with 
less  energy,  in  modifying  the  form  and  character  of  the 
terrestrial  surface, — in  some  places  by  abrasion  and  denu- 
dation, in  others  by  the  accumulation  of  transported 
detritus.  The  sun's  influence  operates,  moreover,  in  producing 
and  maintaining  the  electro-magnetic  activity  of  the  crust  of 
the  Earth,  and  of  the  oxygen  contained  in  the  atmosphere ; 
it  acts  sometimes  silently  and  tranquilly  in  forces  of  chemical 
attraction,  and  in  determining  the  varied  processes  of  organic 
life  in  the  endosmose  of  vegetable  cells,  and  in  the  texture 
of  muscular  and  nervous  fibres ;  —  and  sometimes  with 
more  obvious  and  tumultuous  energy,  by  calling  forth  in  the 
atmosphere  luminous  processes,  coloured  flashing  polar  light> 
lightning,  hurricanes,  and  water-spouts. 

I  have  attempted  the  enumeration  in  a  single  brief  sketch 
of  the  various  solar  influences,  so  far  as  they  do  not  relate  to 
the  position  of  the  axis  and  to  the  path  of  our  globe,  for  the 
sake  of  bringing  vividly  into  view,  by  means  of  the  presen- 
tation of  grand  and  varied  phenomena  which  at  first  sight 
appear  so  heterogeneous,  that  character  of  my  work  which 
tends  to  depict  physical  nature  in  this  ''book  of  the 
Cosmos'^  as  a  whole,  moved,  and  as  it  were  animated,  by  in- 
ternal, often  mutually  compensating  and  counterbalancing, 
forces  or  powers.  But  the  luminous  undulations  act  not 
alone  on  the  material  world,  decomposing  and  reuniting  its 
substances  in  fresh  combinations, — they  do  not  merely  call 
forth  from  the  bosom  of  the  earth  the  tender  germs  of  plants, 
— elaborate  in  leaves  the  substance  (chlorophyll)  to  which^ 
they  owe  their  verdure,  and  in  flowers  their  tints  and- 
fragrance,  —  and    repeat  a  thousand,  and  again  a  thousan< 


K  TUB  CO&UOS. — THE  S 


times,  the  Sun's  briglit  image  in  the  Gparkling  piaj  of  tlie 
waves  of  the  sea,  and  in  tlie  dew-drops  on  the  blades  of 
grass  as  the  breeze  sweeps  over  the  meadow  ; — the  light  of 
heaven,  in  the  various  degrees  of  its  intensity  and  duration, 
also  conaects  itself  by  mysterious  huka  with  man's  iuiier 
heing, — with  his  intellectual  snsceptibilities,  and  with  the 
cheerful  and  serene,  or  the  melancholy  tone  of  his  disposi- 
tion : — "  Cceli  tristitifun  discutit  Sol  et  humani  nubila  animi 
Kfeoat."  (riin.  Hist.  Nat.ii.  6). 

In  describing  the  several  cosmtcal  bodies,  I  commence  iu 

each  case  with  the  numerical  data  belonging  to  them,  and 

pface  next  whatever  inferences  the  present   state  of  our 

inowledge  may  enable  ua  to  draw  respecting  their  pliysicol 

constitution.     The  arrangement  of  the  numerical  results  is 

"early  the  same  as  ia  Hansen's  excellent  "  Uebersicht  des 

mensystems"  (*^1,  but  with  additions  and  modifications, 

—inasmuch  as,  since  tlie  year  1837,  when  Hansen  wrote, 

Q  planets  and  three  sateUites  have  beeu  discovered. 

The  mean  distance  of  the  centre  of  the  Sun  from  the 

ith  is,  according  to  Encke's  valuable  correction  of  the 

"Sun's  parallax  (Abhandl.  der  Eerl.  Akad.  1835,  S.  309), 

^0682000  (Germau)  geographical  miles  of  16  to  a  degree  of 

tl»e  terrestrial  equator  (equal  to  82728000  Enghsh  geogra- 

pliical  miles),  each  German  mile  containing  according  to 

I^euel's  examination  of   ten    measured    (Kosmos,  Bd.  i. 

S.  421,  Eng.  Ed.  p.  xlii..  Note   130),  precisely  3807.23 

toisea,  or  228i3-3S  Paris  feet;  (inEnglish  measure 608676 

liritish  feet  to  a  British  geograpliical  mile  60  to  a  degree.) 

According  to  Struve'a  observations  of  abernilion,  light 
^ea  to  reach  the  Earth  from  the  Sun,  or,  iu  other  words,  to 
''ivcrae  the  aemi-diameter  of  the  Earth's  orbit,  8'  17".7S 
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(Kosmos,  Bd.  iii.  s.  91,  and  127  Anm.  52,  Eng.  ed.  p.  78, 
and  Note  140),  whence  the  true  place  of  the  Sun  is  20" .445 
in  advance  of  the  apparent  place. 

The  apparent  diameter  of  the  Sun  at  its  mean  distance 
from  the  Earth  is  32'  1".8  :  only  64".8  more  than  the  ap- 
parent diameter  of  the  disk  of  the  Moon  at  her  mean  distance 
from  the  Earth.  At  our  perihelion,  in  the  winter  when 
we  are  nearest  to  the  Sun,  its  apparent  diameter  is  increased 
to  32"  34i".6 ;  at  the  aphelion  in  the  opposite  part  of  the 
year,  when  we  are  farthest  from  the  Sun,  its  apparent  dia- 
meter is  diminished  to  31'  30".l. 

The  true  diameter  of  the  Sun  is  192700  German,  of 
770800  EngUsh  geographical  miles;  or,  more  than  11& 
times  greater  than  the  diameter  of  the  Earth. 

The  mass  of  the  Sun  is,  according  to  Encke's  calculation 
of  Sabine's  pendulum  formula,  359551  times  that  of  the 
Earth,  or  355499  times  the  mass  of  the  Earth  and  Moon 
taken  together  (Vierte  Abh.  uber  den  Cometen  von  Pons  in 
den  Schr.  der  Berl.  Akad.  184*2,  S.  5) ;  this  would  make 
the  density  of  the  Sun  only  about  one  quarter  (more  exactly 
0-252),  of  that  of  the  Earth. 

The  Sun  has  600  times  more  volume,  and  according  to 
Galle,  738  times  more  mass,  than  all  the  planets  together. 
In  order  to  convey  in  some  degree  a  sensible  image  of 
the  magnitude  of  the  body  of  the  Sun,  it  has  been  remarked 
that  if  we  were  to  imagine  the  globe  of  the  Sun  entirely 
hollowed  out,  and  the  Earth  placed  in  its  centre,  there 
would  still  be  room  for  the  Moon's  orbit,  even  though  the 
semi-diameter  of  the  said  orbit  were  to  be  increased  by 
upwards  of  40000  (160000  English)  geographical  miles. 

The  Sun  rotates  round  its  axis  in  25 J  days ;  its  equator 
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is  mdined  7^^  to  the  Ecliptic.     According  to  Laugier's 
very  carefdl  observations  (Comptes  rendus  de  I'Acad.  des 
Sciences^  T.  xv.  1842,  p.  941),  the  time  of  rotation  is 
25.34  days  (or  25  dap,  8  hours,  9  minutes),  and  the  incli- 
nation of  the  Equator  is  7^  9^ 

The  conjectures  respecting  the  physical  character  of  the 
Son,  at  which  modem  astronomy  has  gradually  arrived,  are 
founded  on  long  and  careful  observation  of  changes  seen  to 
take  place  in  the  luminous  disk.     The  order  of  succession 
vid  the  connection  of  these  changes  (i .  e.  the  apparent  for- 
mation of  the  solar  spots  and  the  relation  of  their  centres  or 
AQclei  of  deep  black  to  surrounding  ashy  grey  penumbras), 
We  led  to  the  supposition  that  the  actual  body  of  the  solar 
ort>  is  itself  almost  entirely  dark,  but  encompassed  at   a 
^Hsiderable  distance  by  a  luminous  envelope,   in  which 
"Uinel-shaped  openings  are  produced  by  the  action  of  cur- 
'^ts  from  below  upwards,  and  that  the  black  nuclei  of 
the  spots  are  portions  of  the  dark  body  of  the  Sun  seen 
through  these  openings.     In  order  to  make  this  explanation 
(^hich  is  here  noticed  in  a  cursory  manner  and  only  with 
the  greatest  generality),  account  more  satisfactorily  for  the 
Various  particulars  of  the  observed  phenomena,  there  are 
assumed,  in  the  present  state  of  our  knowledge,  tliree  solar 
cuvelopes :  first,  an  inner  cloud-like  vaporous  envelope ;  over 
this  the  luminous  envelope  (photosphere) ;  and  above  this 
*gain  (and  as  apparently  indicated  more  particularly  in  the 
phenomena  of  the  total  solar  eclipse  of  the  8th  of  July,  1842), 
*n  external  vaporous  envelope,  either  dark  or  only  very 
feintly  illuminated  (*^^}. 

As  happy  anticipations  and  imaginations,  long  antecedent 
^  aD  actual  observation,  sometimes  contain  the  germ  of 
*^  views,  (Grecian  antiquity  is  full  of  instances  of  such 

b2 
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Speculations  which  after  ages  have  realise-d)^  so  we  find  si 
early  as  the  middle  of  the  fifteenth  century,  in  the  writings 
of  Cardinal  Nicolaus,  of  Cusa,  in  the  second  book  of  the 
treatise  "  De  docta  ignorantia/'  the  opinion  clearly  expr^sed^ 
that  the  body  of  the  Sun  is  only  an  earthy  kernel  surrounded 
by  a  luminous  shell  as  by  a  fine  yeil,  and  having  in  the 
middle  (between  the  dark  kernel  and  luminous  shell?)  a 
mixture  of  water-bearing  clouds  and  clear  air  similar  to  out 
atmosphere ;  and  that  the  power  of  radiating  forth  the  light 
which  animates  vegetation  on  the  surface  of  the  Earth 
belongs  not  to  the  earthy  kernel  or  nucleus  of  the  Sun,  bat 
to  its  bright  surrounding  covering.  This  view  of  the  phy- 
sio^ constitution  of  the  Sun,  which  has  hitherto  attracted  so 
httle  notice  in  the  history  of  astronomy  (*®^),  has  a  great 
resemblance  to  the  views  which  prevail  at  the  present 
time. 

I  have  shown  in  an  earlier  volume,  in  the  notice  of 
''historical  epochs  in  the  physical  contemplation  of  th^ 
Universe"  (^^^),  that  the  spots  on  the  Sun  were  first  seem, 
and  described  in  print,  not  by  Galileo,  Scheiner,  or  Harriott^ 
but  by  Johann  Fabricius  of  East  Friesland.      Both  th^ 
discoverer,  and  also  Galileo,  as  is  shown  by  his  letter  to  th^ 
Principe  Cesi,  written  on  the  25  th  of  May,  1612,  knew  thai:t 
the  solar  spots  belonged  to  the  Sun  itself;  nevertheless,  ten 
and  twenty  years  later,  a  Canon  of  Sarlat,  Jean  Tarde,  aticl 
a  Belgian  Jesuit,  maintained  that  the  spots  were  transits  at 
small  planets  :  by  the  one  called  Sidera  Borbonia,  and  by  the  , 
other  Sidera  Austriaca  (^^®).   Scheiner  was  the  first  to  adopt 
the  use  in  observations  of  the  Sun  of  the  blue  and  green  shade- 
glasses  (*69j  which  had  been  suggested  70  years  before  bj 
Apian  (Bienewitz),  in  the  "  Astronomicum  Csesareum,^'  arid 
had  long  been  made  use  of  by  the  Belgian  navigators ;  tbe 
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in-employment  of  which  had  greatly  contributed  to  occaaiou 

Qalileo's  loi^s  of  sight. 

As  elicited  by  actual  obaervatiou  after  the  discovp.ry  of 

rfte  solar  spots,  I  find  the  earliest  and  most  definite  espres- 
aa  to  the  necesaity  of  assuming  the  Sun  to  be  a  dark 
globe  surrounded  by  a  lumiuous  envelope  (photosphere),  from 
the  pen  of  Dominique  Cassiuiinlfi?!!*'")  According  to  him 
the  solar  disk  which  we  see  is  "a  luminous  ocean  sur- 
wundiug  the  solid  and  dark  nucleus  of  tlie  Sun ;  turaoJtuous 
toovements  taking  place  in  the  luminous  envelope  allow 
B)  &0U1  time  lo  time  to  see  the  monntain  summits  of  the 
Don-bmiuoua  body  of  the  Sun  itself.  They  are  the  black 
nuclei  in  the  centre  of  the  solar  spots."  The  aah-coloured 
poiimibras  Borrounding  the  nuclei  still  remained  without 
MJ  attempt  at  explanation. 

An  ingenious,  and  since  often  confirmed  observation,  made 
If  Alexander  Wilson,  the  Astronomer  of  Glasgow,  on  u 
Iwge  solar  spot  on  the  22d  of  November,  1769,  led  him  to 
w  explanation  of  the  penumbras.  Wilson  discovered  thut 
«  s  spot  moves  towards  the  Sun's  limb,  the  penunihra  on 
Ihe  Bide  towards  the  centre  of  the  Sun  becomes  gradually 
"nroiver  and   narrower  as   compared   wtth   that   on   the 

*pposite  side.  He  inferred,  very  justly,  from  the  ratios  of 
e  dimensions,  that  the  nucleus  of  the  spot  (the  part  of 
dark  body  of  the  San  becoming  visible  through  the 

'fcinel-shaped  eseavation  of  the  luminous  envelope),  is 
lilusted  deeper  than  the  penumbra,  and  tliat  the  penumbra  is 
fermed  by  the  steep  decKvitios  or  aide  walls  of  the  funnel  {"'), 
^9  mode  of  explanation,  however,  offered  no  reply  to  the 
•JUestion  why  the  penumbra  should  be  lightest  near  the 
^  nocleua  t 
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Our  Berlin  Astronomer,  Bode,  without  being  acquainted 
with  the  earlier  memoir  of  Wilson,  developed,  in  his  pecu- 
liarly lucid  and  popular  manner,  perfectly  similar  views,  in 
his  "  Thoughts  on  the  Nature  of  the  Sun  and  the  origm  of 
its  spots^^  ("  Gedanken  tiber  die  Natur  der  Sonne  und  die 
Enstehung  ihrer  Flecken'^).     Bode  had  also  the  forthff 
merit  of  having  facilitated  the  explanation  of  the  penumbra 
by  assuming,  almost  as  in  the  anticipatory  conjectures  of 
Cardinal  Nicolaus  of  Cusn^  an  additional  stratum  of  cloudy 
vapour  between  the  photosphere  and  the  dark  bodj  of  the 
Sun.     This  hypothesis  of  two  distinct  envelopes  leads  to  the 
following  inferences  :  if,  in  the  smaller  number  of  cases,  an 
opening  is  formed  in  the  photosphere  only,  and  not  at  the 
same  time  in  the  inner  vaporous  stratum  which  is  supposed 
to  be  only  imperfectly  illuminated  by  the  brighter  outer  one, 
then  this  inner  envelope  will  reflect  towards  the  earth  only 
a  very  mitigated  light,  and  thus  there  is  produced  a  grey 
penumbra  without  any  black  nucleus.     But  if  in  the  tem- 
pestuous meteorological  processes  taking  place  on  the  surface 
of  the  Sun  the  opening  penetrates  both  envelopes  (i,  e.  both 
the  luminous  and  the  cloudy  one),  then  there  appears  in  the 
ash-coloured  penumbra,  a  nucleus  '^  shewing  a  more  or  less 
intense  blackness  according  to  the  character  of  the  surface  of 
the  body  of  the  Sun  at  the  part  exposed  by  the  opening*'  (*'^2). 
The  shade  round  the  nucleus  is  a  part  of  the  external  surface 
of  the  inner  vaporous  stratum,  and  as  the  latter,  by  reason  of 
the  funnel  shape  of  the  whole   excavation,  has  a  smaller 
opening  than  the  photosphere,  so  the  path  of  the  rays  which  on 
both  sides  pass  along  the  edges  of  the  interrupted  strata,  and 
arrive  at  the  eye  of  the  observer,  explains  the  difference  first 
perceived  by  Wilson  to  take  place  gradually  in  the  relative 
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breadths  of  tlie  opposite  aides  of  the  penumbra,  as  the  distance 
of  (he  nucleus  from  the  centre  of  the  Suu's  disk  increases. 
Wheiij  as  Lapgier  has  more  than  once  remarked,  the  pcuumbra 
ipreada  over  the  black  nucleus  itself,  so  that  the  latter  dis- 
ip^eas  altogether,  the  cause  is  that  the  opening  of  the  inner 
cloLi%  envelope  is  closed,  whilst  that  in  the  photosphere 
remaiiis  open. 

A  solar  spot  visible  in  1779  to  the  naked  eye  fortunately 
H  tlie  genius  of- William  Herschel,  happj  alike  in  observa- 
lioa  and  combination,  to  the  subject  now  before  us.     The 
results  of  his  great  esamination,  in  whicii  the  details  of 
several  cases  are  treated  according  to  a  very  definite  nomen- 
clature established  by  himself,  are  given  in  the  Pliilosophical 
I'rausactions  of  1795  and  of  1801.    He  proceeds  as  usual  in 
"is  own  manner,  and  merely  names  Alexander  Wilson  once, 
His  view  is  in  its  generality  identical  with  that  of  Bode ;  his 
Hilerpretation  of  the  visibility  and  dimensions  of  the  nucleus 
and  the  penumbra  (Phil.  Trans,  ISOl,  p.  270  and  818, 
Tall,  xviii.  fig.  2),  is  based  on  the  assumption  of  an  opening 
uitwo  envelopes;  but  besides  these  he  places  between  tlie 
envelope  and  the  body  of  the  Sun  {p.  302),  a  clear  and 
transparent  almoapliere,  in  which  dark  clouds  (or  at  least 
only&iintly  illummated  by  redection)  are  suspended  at  a  con- 
aderable  height, — as  three  hundred  (English)  geographical 
miles.    Wm.  Herschel  seems,  indeed,  inclined  to  believe  the 
plintosphere  also  to  be  only  a  stratum  of  unconnected  phos- 
plioric  clouds  with  very  tuieven  surface?.     It  sceras  to  liim 
that  an  elastlo  fluid  of  an  unknown  nature  rises  from  the  crust 
of  tlie  dark  body  of  the  Sun,  occasioning  in  the 
legion  ,  when  it  acts  most  feebly,  only  small  pores  or 
when  it  acta  most  energetically  tuid  tempes- 
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tnooslj^  large  openings  with  their  dark  centres  (^  nndd 
snrroonded  by  penumbras  or  ''  shallows/' 

The  black  nuclei  of  the  solar  spots^  which  are  seldom 
rounds  bat^  on  the  contrary^  almost  always  charactenaed 
by    comers^  j^^ggcd  edges^  and    re-entering   angles^  an 
often  surrounded  by  penumbras  in  which  the  same  figun 
is  repeated  on  a  larger  scale.     There  is  no  perceptiUe  gn* 
dual  transition  from  the  colour  of  the  nucleus  to  that  of 
the  penumbra^  or  from  the  penumbra,  which  has  aome* 
times  a  filamentous  appearance^  to  the  photosphere.    Ga- 
pocci^  and  a  very  diligent  observw^  Pastorff^  (at  Bud^boki 
near  Frankfurt  on  the  Od^)^  have  given  very  exact  draw- 
ings of  the  angular  forms  of  nuclei,  (Schnm.  Astr.  Tfwki, 
No.  115,  8.  316,  No.   1S3,   S.  291,  and  No.  144,  a 
471).      William  Herschel   and  Schwabe    saw   the  daifc 
nuclei  crossed  by  shining  veins  of  light,  and  even  by,  as  it 
were,   'luminous  bridges,^^ — ^phenomena  of  a   cloud-like 
nature  belonging  to  the  second  stratum   which  prodnoea 
the  penumbras.    These  singular  forms,  probably  tiie  eooae- 
quences  of  ascending  currents,  the  tumultuary  formation  and 
appearances  of  spots,  faculse,  furrows,  and  projecting  lidgea 
(the  crests  of  luminous  waves),  are  regarded  by  the  astro- 
nomer of  Slough  as  indicating  powerful  evolution  of  light ; 
while  on  the  other  hand  he  considers  the  absence  of  solar  spota 
and  their  accompanying  phencnnena  to  indicate  comparative 
feebleness  of  combustion,  and  consequently  a  less  degree  of 
beneficial  action  on  the  temperature  of  our  planet  and  mi 
vegetation.    These  conjectures  led  Wm.  Herschel  to  attempt 
to  bring  into  comparison  and  connection  the  absence  of  solar 
spots  in  the  years  1676 — 1684  (according  to  Flamstead) ; 
from  1686  to  1688  (according  to  Dominique  CSassini) ;  from 
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1695  to  1700  i  and  from  1795  to  ISOO  j  with  the  prices  of 
corn  and  the  complaints  which  had  been  made  of  bed 
harvests  (*'^).  Unfortunately,  howeyer,  the  knowledge  of 
tde  numerical  elements  required  to  furnish  the  base  of  even 
a  conjectural  solution  of  such  a  problem  must  always  be 
wanting;  not  only,  as  Herscliel  himself  justly  remarked, 
because  the  price  of  corn  in  one  part  of  Europe  cannot 
siford  a  standard  whereby  to  judge  of  the  state  of  vegetation 
over  the  whole  continent,  but  aUo  and  more  especiallj,  be- 
Knse  we  can  by  no  means  infer  from  a  diminution  of  the 
mean  temperature  of  the  year  extending  even  over  the  whole 
of  Europe,  that  in  that  year  the  globe  generally  had  »- 
csired  a  less  quantity  of  warmth  than  usual  from  the  Sun. 
Dove's  investigations  on  the  non-periodic  variations  of  tem- 
psratare  have  tended  to  show  that  "  oppositions,"  or  con- 
taty  states  of  weather,  are  always  placed  laterally  side  by 
Hi,  in  the  same,  or  almost  the  same,  parallels  of  lati- 
tude. Thus  our  continent  and  the  temperate  part 
o[  North  America  are  usually  opposed  to  each  other 
in  this  respect,  so  that  if  we  have  an  abnormally 
sMere  winter,  the  vrinter  there  will  be  milder  than  in 
ordinary  years,  and  vice  t'ersd.  Seeing  the  unquestionable 
inOuence  of  the  mean  amouut  of  summer  heat  on  the 
cycle  which  vegetation  passes  through,  and  therefore  on  the 
siiraess  of  cereal  crops,  we  must  regard  audi  compensa- 
tions in  the  distribution  of  temperature,  over  parts  of  the 
globe  united  by  easy  and  convenient  communication  by 
^,  as  productive  of  highly  beneficial  consequences  to 
"Bankind. 

While  William  Herschel  attributed  to  the  activity  of  the 
WMral  body,  manifested  in  the  processes  of  which  the  solar 
>potj  are  results,  the  effect  of  an  increase  in  the  temperatnre 
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of  the  Earthy  Batista  Baliani,  nearly  two  centuries  and  a  half 
before,  in  a  letter  to  Galileo,  described  these  spots  as  cooling 
agencies  (^7^).     A  similar  inference  has  been  drawn  from 
the  essay  made  by  the  diligent  astronomer  Gautier  at  Ge- 
neva (*^*),  to  compare  four  periods  of  frequency  and  paucity 
of  spots  on  the  sun^s  disk  (from  1827  to  1843)  with  the 
mean  temperatures  shewn  by  33  European  and  29  Alnerican 
stations ;  but  the  residual  quantity  on  the  side  of  the  rap- 
posed  cooling  power  of  the  solar   spots,  (scarcely  0^*42 
Centigrade,  or  less  than  0^*8  Fahrenheit),  is  so  small,  that 
even  for  the  particular  localities  it  may  be  attributed  to 
errors  of  observation  or  to  the  influence  of  the  direction  d 
the  wind.    We  remark  in  this  comparison  indications  of 
the  opposite  aflcctions  of  the  two  sides  of  the  AtlantiCi 
in  accordance  with  Dove's  general  inferences. 

It  still  remains  to  speak  of  the  third  and  outermost  of 
the  three  solar  envelopes  which  have  been  referred  to ;  it  is 
supposed  to  be  above  the  photosphere,  and  to  be  cloudy  and 
of  imperfect  transparency.  The  remarkable  phenomena  of 
red  mountain-  or  flame-like  forms,  which,  during  the  total 
solar  eclipse  of  the  8th  of  July,  1842,  were  seen,  though 
not  for  the  first  time  yet  much  more  clearly  than  before, 
and  observed  simultaneously  by  several  of  the  most  prac- 
tised observers,  have  led  to  the  hypothesis  or  assumption  of 
such  a  third  envelope  or  covering.  Arago,  with  great  acu- 
men, and  after  a  thorough  examination  of  the  observatiouSf 
has  enumerated  in  a  treatise  on  the  subject  (*7^),  the  grounds 
which  appear  to  necessitate  this  assumption.  He  has  at 
the  same  time  shewn  that  similar  rose-coloured  marginal 
protuberances  have  been  already  described  on  occasions  of 
total  or  annular  eclipses  of  the  sun  since  1706  (*7^).  On 
the  recent  occasion,  July  8,  1842,  when  the  disk  of  tbo 
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n  covered  the  eadre  solar  disk,  (ifa  apjMiTent  diameter 
Wug  at  that  time  greater  than  that  of  the  Sun,)  there  was 
seen  not  only  a(*"*)  white  sliiiiing  appearance  fonning  a  corona 
QF  bright  circle  surrounding  tlie  MooHj  but  also,  as  if  attached 
in  the  limb  or  margin  of  the  Moon,  two  or  tliree  rose-tinted 
devations,  which  some  observers  compared  to  mountains, 
others  to  reddened  masses  of  ice,  and  others  to  motioiJess 
jigged  or  pointed  flames.  Arago,  Laugier,  and  Maiivais  at 
PwpignaD,  Petit  at  Montpellier,  Airy  on  the  Superga  near 
Turin,  Schumacher  at  Vienna,  and  manj  other  astronomers, 
^reed  perfectly  with  each  other  in  respect  to  the  main 
latures  of  the  general  phenomenon,  notwithstanding  the 
peat  diversity  of  the  telescopes  employed.  The  elevations 
*ae  not  seen  in  all  cases  at  the  same  moment  of  absolute 
time,  and  at  some  jilaces  they  were  even  observed  with  the 
naked  eye.  Their  heights  were  also  differently  estimated  by 
the  different  observers  :  the  snrest  estimation  is  probably 
tliat  of  Petit,  the  director  of  the  Obsers'atory  at  T ouionse : 
litres  r  45",  which,  if  the  protuberances  were  really  solar 
Bmintains,  would  correspond  to  elevations  of  40,000  geo- 
ERphical  miles :  this  is  almost  seven  times  the  diameter  of 
ixirglobe,  wlulc  the  solar  diameter  is  only  112  times  that 
^iiffieter.  The  consideration  of  ihe  whole  of  these  phe- 
j  onmena  has  led  to  the  very  probable  hypothesis  of  these 
I  "SMle  forms  being  undulations  or  protuberances  of  the  third 
I  Qrelope,  or  masses  of  cloud  illuminated  and  coloured  by 
I  lie  photosphere  (*^s),  Arago,  in  putting  forward  this  hy- 
pothesis, expresses  at  the  same  time  the  conjecture,  that  the 
I  trloieia  of  the  deep  blue  sky  at  great  terrestrial  altitudes, 
tile  intensity  of  whicii  I  had  myself  measured  on  the  highest 
Corfilleras, — (instrumental    means  for  such  measuremeals 
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were  indeed,  and  even  still  are^  very  imperfect,) — may  render 
it  possible  to  obtain  frequent  observations  of  those  moantaiii' 
like  donds  belonging  to  the  outermost  vaporous  sdar  atmo- 
sphere (*^). 

It  is  only  at  two  periods  of  the  year,  viz.  on  the  Sih  of  June 
and  9th  of  December,  that  the  solar  spots  describe  on  tiw 
Sun's  disk  neither  convex  nor  concave  curves,  but  straight 
lines  parallel  to  each  other  and  to  the  solar  equator;  and  if 
we  examine  the  zones  in  which  the  spots  are  most  fr6' 
quent,  we  find  as  a  characteristic  circumstance  that  they  an 
rarely  seen  in  the  equatorial  zone  itself,  from  about  8°  Norik 
to  3°  South  latitude,  and  that  they  are  entirely  wanting  ii 
the  neighbourhood  of  the  poles.  They  are  on  the  whob 
most  abundant  in  a  belt  between  11°  and  15°  north  of  the 
equator,  and  generally  more  frequent  in  the  northen 
than  in  the  southern  hemisphere;  or,  as  Sommeringthinb^ 
are  to  be  seen  farther  from  the  equator  in  the  northern  thtt 
in  the  southern  hemisphere.  (Herschel,  Outlines,  §  893; 
Cape  Observations,  p.  483.)  Galileo  had  already  assigned 
29°  of  north  and  south  heliocentric  latitude  for  the  extreme 
limits  of  the  spots.  Sir  John  Herschel  has  extended  thaw 
limits  to  35° ;  as  has  also  Schwabe.  (Schum.  Astr.  Nachr., 
No.  473.)  Single  spots  have  been  found  by  Laugier 
(Comptes  Rendus,  T.  xv.  p.  944),  as  far  as  41°,  and  bf 
Schwabe  even  as  far  as  50°.  A  spot  described  by  La  Bin 
in  70°  North  latitude  must  be  regarded  as  a  phenomenon  d 
most  rare  occurrence. 

The  above  described  distribution  of  the  spots  on  the  Sub'> 
disk,  their  rarity  on  the  equator  itseK  and  in  the  polar  regioiu^ 
and  their  arrangement  parallel  to  the  equator,  have  giveo 
occasion  to  Sir  John  Herschel  to  conjecture  that  obstacle 
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L  the   third,   or  outermost,   vaporous   envelope  may 

le  at  some  points  to  the  escape  of  heat,  may  give  rise 
le  solaj  aimosphere  to  currents  from  the  poles  to  tha 

or,  similar  to  those  which,  from  the  different  velocity  of 
Ition  under  different  parallela  of  latitude,  cause  on  our 

1  the  trnde-winds  and  the  calms  which  prevail  in 
:  more  immediate  vicinity  of  the  equator,  ParticulM 
epota  are  sometimes  so  permanent  as  to  return  continually 
for  six  entire  months,  as  the  large  spot  of  1779.  Schwabe 
was  able  to  trace  the  same  group  eight  times  in  the 
year  18-1-0.  A  black  nucleus  which  is  figured  in  the  Cape. 
Observations  of  Sir  John  Herschel,  (of  which  I  liave  so  ex- 
tensively availed  myself),  was  found  by  exact  measurement 
to  be  of  such  magnitude,  that  if  our  entire  earth  had  been 
thrown  into  the  opening  in  the  photosphere,  there  would 
still  have  remained  on  either  side  a  vacant  space  of  more 
than  920  geographical  miles.  Scimmering  calls  attention 
to  the  circumstance  that  there  are  certain  meridians  or  bands 
of  longitude  in  which  during  many  years  he  never  saw  a  solar 
spot.  (Thilo  tie  Soiis  maculis  a  Scemmeringio  observatis, 
182S,  p.  22.)  The  very  different  periods  of  rotation  which 
have  been  assigned  to  the  Sun  are  not  by  any  means  to  he 
attributed  solely  to  inaccuracy  of  observation ;  they  proceed 
from  the  circumstance  that  some  spots  change  their  places 
upon  the  Sun's  disk.  Langicr  has  devoted  a  partictUar 
examiiialion  to  this  subject,  and  has  observed  spots  &om 
which  rotations  of  24'28  and  26'46  days  might  be  severally 
derived.  Our  knowledge  of  the  actual  time  of  the  Sun's 
rotation  can,  therefore,  only  be  affirmed  to  correspond  to 
the  mean  result  derived  from  a  great  number  of  observed 

I  which  by  the  permanence  of  theii'  form  aijd  the  in- 
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variability  of  their  distances  from  other  spots  visible  at  tk 
same  time^  afford  an  apparently  satisfactory  degree  of » 
curity. 

Although  solar  spots  may  much  oftener  than  is  geneia% 
supposed  be  distinctly  recognised  by  the  unassisted  eye  of 
an  observer  looking  for  them^  yet  after  careful  investigaikn 
we  find,  between  the  beginning  of  the  9th  and  of  the  17th 
centuries,  at  the  utmost,  not  more  than  two  or  three  notioa 
of  their  appearance  upon  which  we  can  depend^  I  reckon  ss 
such  the  supposed  presence  of  Mercury  upon  the  sun^s  disk 
for  a  period  of  eight  days,  in  the  year  807,  recorded  in  the 
annals  of  the  kings  of  the  Erauks,  which  were  ascribed 
first  to  an  astronomer  belonging  to  the  Benedictine  otdttf 
and  afterwards  to  Eginhard  ;  the  transit  of  Venus  over  Hk 
Sun,  lasting  91  days,  said  to  be  observed  under  the  Calij^ 
Al  Motassem  in  840  ;  and  the  "  Signa  in  Sole'^  in  the  year 
1096,  according  to  the  Staindelii  Chronicon.  The  his- 
torical records  of  occasions  on  which  the  Sun  has  been 
darkened, — or,  as  it  would  be  more  accurately  expressed, 
when  there  has  been  during  a  longer  or  shorter  time  a 
diminution  of  the  light  of  day, — have  induced  me  for  a 
long  time  past  to  institute  partic^olar  inquiries  into  such 
meteorological,  or  possibly  cosmical,  phenomena  (*®^).  As 
extensive  series  of  solar  spots  (those  observed  by  Hevelins 
on  the  20th  of  July,  1643,  covered  a  third  part  of  the  Sun's 
disk)  are  always  accompanied  by  numerous  f acuity  I  am 
but  little  inclined  to  ascribe  to  their  occurrence  obscurations 
during  which  stars  were  sometimes  visible  as  in  total 
eclipses  of  the  Sun. 

The  diminutions  of  daylight  related  by  annalists  may,  J 
think,  be  classed  under  three  heads  according  to  three  whollj 
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different  causes  to  which  they  may  by  possibility  be  due. 
Total  eclipses  of  the  Sun  are  excluded,  were  it  only  from  the 
recorded  continuance  of  the  obscurations  for  several  hours, — 
whereas,  according  to  Du  Sejours'  calculation,  the  longest 
possible  duration  of  a  total  solar  eclipse  is  7'  58''  at  the 
equator,  and  in  the  latitude  of  Paris  only  6'  10") .  The  three 
causes  to  which  I  allude  are :  1,  disturbances  in  the  process 
by  which  light  is  evolved,  or  a  less  intensity  in  the  photo- 
qdiore ;  2,  impediments  to  the  radiation  of  solar  light  and 
heat  arising  in  the  external  opaque  vaporous  veil  or  covering 
surrounding  the  photosphere,  by  the  formation  in  it  of  un- 
nsoally  higd  and  dense  clouds ;  3,  extraneous  admixtures 
m  our  own  atmosphere  chiefly  of  an  organic  cha- 
iicter,  as  "trade  wind  dust,^^  "inky  rain,^*  or  the  Chinese 
"sand-rain,''  described  by  Macgowan  as  lasting  several 
i«p.  The  causes  mentioned  under  heads  2  and  3  require 
Ho  enfeeblement  of  the  (perhaps)  electro-magnetic,  luminous 
process  in  the  Sun's  atmosphere,  (a  perpetual  Aurora  or 
polar  Kght)  (♦s^) ;  the  third  is  open  to  the  objection  that 
it  is  opposed  to  the  visibility  of  stars  in  the  middle  of  the 
day,  nhich  is  so  often  spoken  of  in  the  too  scanty  descrip- 
tions given  of  the  circumstances  accompanying  these  mys- 
terious phenomena. 

Arago's  discovery  of  chromatic  polansation  has  tended 
not  only  to  strengthen  the  belief  of  a  third  and  outermost 
covering  of  the  Sun,  but  also  to  confirm  the  conjectures 
which  have  been  formed  respecting  the  physical  constitution 
of  the  central  body  of  our  planetary  system.  "  A  ray  of 
light  arriving  at  our  eyes  from  the  remotest  regions  of  space 
tells  us  in  the  polariscope,  as  it  were  of  itself,  whether  it  is 
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leflected  or  refracted^  whether  it  emanates  from  a  bxHA,  bm 
a  liquid^  or  from  a  gaseous  body,  and  even  annoimoes  ill 
degree  of  intensity/^  (Kosmos,  Bd.  i  S.  35^  Bd.  ii.  8. 
370;  English  Ed.,  Yol.  i.  p.  37,  and  Yol.  ii.  p.  329.)  Ii 
is  essential  to  distinguish  between  natural  light  as  it  pro- 
ceeds directly  from  the  snn,  the  fixed  stars,  or  gas-flamio,  ail 
is  polarized  by  reflection  from  a  glass  plate  under  an  an;^ 
of  35^  2b', — and  the  polarized  light  which  radiates  spm- 
taneously  as  such  from  certain  substances  (glowing  solidB  h 
well  as  liquids).  The  polarised  light  given  out  by  the  hrt- 
mentioned  class  of  bodies  proceeds  very  probably  bm 
their  interior ;  on  passing  from  a  denser  body  into  the 
thinner  surrounding  atmospheric  strata,  it  is  refracted  i 
the  surface,  and  a  part  of  the  refracted  ray  returns  inwiidi 
and  becomes  polarized  by  reflection,  while  the  other  portkm 
presents  the  properties  of  light  polarised  by  refractm. 
The  chromatic  polariscope  distinguishes  between  these  tvD 
kinds  of  light  by  the  opposite  position  of  the  coloured  com- 
plementary images.  Arago  has  shewn  by  careful  expoi- 
ments  extending  back  to  before  18^0,  that  radiant  solid 
bodies, — e,  g,,  a  red-hot  iron  ball,  or  glowing,  shining^ 
molten  metal  in  a  liquid  state, — give  out  simply  natural  li^ 
in  the  rays  which  issue  from  them  in  a  perpendicular  direo* 
tion,  whereas  the  luminous  rays  which  arrive  at  our  gcs 
under  very  small  angles  from  their  edges  are  polarised. 
If  we  now  turn  the  polariscope,  by  which  these  two  kinds 
of  light  are  distinguished  from  each  other,  to  gas-flanMS, 
no  polarisation  is  discovered,  however  small  may  be  tbe 
angles  at  which  the  rays  emanate.  Although  light  may 
be  produced  in  the  interior  of  the  gaseous  body,  yet,  in 
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the  small  degree  of  density  of  gaseous  strata,  the  longer 
palh  traversed  by  the  very  oblique  rays  does  not  a^ipear  to 
lessen  their  number  and  rtrenglh  ;  nor  does  the  transition 
to  another  medium  on  issuing  forth  at  the  surface  appear 
to  [iroduce  polarisation  by  refraetion.  Now  as  the  Sun's 
bgtit  coming  from  its  margin  in  a  very  oblique  direction. 
Slid  at  very  small  angles,  also  shews  no  trace  of  polarisation 
fhen  examined  by  the  polariscope,  it  follows  from  this  im- 
portant comparison  that  the  Snn's  brightness  does  not  pro- 
twt  from  its  solid  body  nor  from  anv  liquid  substance,  but 
frciin  a  gaseous  self-luminous  envelope.  We  liave  here  a 
highly  important  physical  analysis  of  the  photosphere. 

The  polariscope  has  also  led  to  the  conclusion  that  the 
Sun's  light  is  not  greater  at  the  centre  of  the  disk  than  at 
the  edges.  If  the  two  comptementary  coloured  images  of  the 
San,  the  red  and  the  blue,  are  so  placed  over  each  other 
that  the  mnrgin  of  the  one  image  coincides  with  the  centre 
of  the  other,  a  perfect  white  is  produced.  If  the  intensity 
of  light  in  the  different  parts  of  the  solar  disk  were  not  the 
iUie, — if,  for  example^  the  centre  of  the  sun  were  more 
iaminona  than  tlie  limb, — then  in  the  partial  superposition  of 
the  images  the  conjoined  segments  of  tlie  blue  and  red 
feks  would  appear  not  of  a  pure  white  but  of  a  pale  red, 
hecaase  the  blue  rays  would  only  be  able  to  neutralize  a 
portion  of  the  more  abundant  red  rays.  Eemembering, 
then,  that  in  the  gaseous  photosphere  of  the  Sun,  quite  in 
opposition  to  what  takes  place  in  solid  or  liquid  bodies,  the 

kiMllness  of  the  angles  at  which  the  luminous  rays  come  to 
W  from  the  edges  of  the  Sun's  disk  does  not  lessen  their 
■ttnber,  while  the  same  visual  angle  comprehends  a  greater 
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number  of  luminous  points  at  the  margin  than  at  the  centic 
we  see  that  we  cannot  reckon  on  the  compensation  which,  i 
the  Sun  were  a  solid  body^  as  a  glowing  iron  ball^  would  tak 
place  at  the  edges^  between  the  effects  of  smallness  of  radiation 
angle^  and  the  comprehension  of  a  greater  number  of  Imni 
nous  points  witliin  the  same  angle  of  vision.     If^  then^  ther 
were  no  additional  circumstance  to  be  taken  into  account,  i 
would  follow  that  the  gaseous  self-luminous. envelope,  ie 
the  solar  disk  seen  by  us,  should,  in  contradiction  to  thi 
indications  of  the  polariscope,  which  show  equal  intensity  o 
light  in  the  centre  and  at  the  Umb,  be  brighter  at  the  edge 
than  at  the  centre.    That  this  is  not  so  must  be  attributet 
to  the  outermost  opaque  or  imperfectly  transparent  vaporoui 
envelope  or  veil  which  surrounds  the  photosphere,  and  difflJ 
the  light  from  the  centre  less  than  the  rays  from  themaigim 
which  traverse  the  envelope  by  a  longer  path  (*®^).    Bougaei 
and  Laplace,  Airy,  and  Sir  John  Herschel,  are  opposed  tc 
the  views  taken  by  Arago :  they  hold  the  intensity  of  the 
light  of  the  edges  to  be  less  than  that  of  the  centre,  and  the 
last-named  of  these  distinguished  physicists  and  astronoioeK 
remarks  (***),  ^^  granting  the  existence  of  such  an  atmo- 
sphere'' (or  external  vaporous  envelope)  "  its  form  in  obe- 
dience to  the  laws  of  equilibrium  must  be  that  of  an  oblate 
spheroid,  the  ellipticities  of  whose  strata  differ  from  each 
other  and  from  that  of  the  nucleus.     Consequently  the 
equatorial  portions  of  this  envelope  must  be  of  a  thickness 
different  from  that  of  the  polar,  density  for  density,  so  thai 
a  different  obstacle  must  be  thereby  opposed  to  the  escape 
of  heat  from  the  equatorial  and  polar  regions  of  the  Son. 
Arago  is  at  the  present  moment  occupied  with  experiments. 
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designed  not  only  for  testing  his  own  views,  but  also  for 
reducing  the  results  of  observation  to  exact  numerical 
proportions. 

The  comparison  of  the  Sun's  light  with  the  two  most 
intense  artificial  lights  which  have  yet  been  produced,  gives 
(according  to  the  still  very  imperfect  state  of  photometry) 
the  following  numerical  results.     In  the  ingenious  experi- 
ments by  Fizeau  and  Foucault,  Drummond's  light  (produced 
►by  the  flame  of  an  oxy-hydrogen  lamp   directed  upon  lime) 
is  to  the  light  from  the  Sun's  disk  as  1  to  346.     The  in- 
tensity of  the  light  produced  between  two  charcoal  points 
by  a  Bunsen's  pile  in  Davy's  experiment,  with  a  battery  of 
46  small  plates,  was   to  the  solar  light  as  1  :  4*2,  and 
with  large  plates  as  1  :  2*5,  or  more  than  one-third  of 
the  Sun's  light  (*85).     If  we  still  hear  with  astonishment 
that  Drummond's  dazzling  light  appears  as  a  black  spot 
when  projected  on  the  Sun's  disk,  we  may  regard  with  the 
higher  admiration  the  genius  of  Gahleo,  in  drawing,  in  1612, 
from  a  series  of  inferences  respecting  the  sraalhiess  of  the 
distance  from  the  Sun  at  which  Venus  would  cease  to  be 
visible  to  the  naked  eye,  the  conclusion,  that  the  blackest 
nucleus  of  a  solar  spot  is  brighter  than  the  brightest  part  of 
the  full  moon  (^s^). 

Taking  the  intensity  of  the  w^hole  light  of  the  Sun  as 
equal  to  1000,  William  Herschel  estimated  that  of  the  pcv 
numbras  on  the  average  as  469,  and  that  of  the  black  nuclei 
thems'lves  as  7.  According  to  this  assumption,  which  of 
course  can  only  be  regarded  as  a  very  conjectural  one,  and 
taking  with  Bouguer  the  light  of  the  Sun  to  be  300000 

tidies  as  strong  as  that  of  the  full  moon,  a  black  nucleus 

^ould  still  possess  2000  times  more  light  than  the  full 

▼OL.  III.  8 
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moon.     The  degree  of  illumination  of  the  nncleiof  the  solar 
spots  as  seen  by  us, — (i.  e.  of  the  dark  body  of  the  Sun  iUnmi- 
nated  by  reflection  from  the  sides  of  the  opening  in  the 
photosphere  and  from  the  inner  vaporous  envelope  which 
produces  the  penumbras,  and  by  the  Kght  of  the  terrestrial 
atmospheric  strata  through  which  we  look),—  has  been  shown 
in  a  very  remarkable  manner  by  some  observations  made 
during  transits  of  Mercury.     Compared  with  the  Planet, 
whose  dark  nocturnal,  or  imilluminated  side  is  then  turned 
towards  the  earth,  the  darkest  nuclei  of  spots  in  its  vicinity 
appeared  of  a  light  brownish  grey  (*S7),     An  excellent  ob- 
server, Hofrath  Schwabs,  of  Dessau,  had  his  attention  par- 
ticularly drawn  to  this  difference  between  the  darkness  rf 
the  planet  and  of  the  nuclei  of  the  solar  spots,  on  the  occa- 
sion of  the  transit  of  Mercury  on  the  5th  of  May,  1882. 
When  observing  in  Peru  the  transit  of  the  same  planet,  whidi 
took  place  on  the  9th  of  November,  1802,  I  unfortunately 
was  so  much  occupied  with  noticing  the  distances  from  the 
wires,  that  the  comparison  of  the  disk  with  dark  solar  spots 
which  it   almost   touched,  escaped  me.     That  the  spots 
radiate  sensibly  less  heat  than  the  other  portions  of  the 
Sun^s  disk,  was  shown  as  early  as  1815,  by  Professor  Henry, 
of  Princeton  in  the  United  States,  by  means  of  very  ddi- 
rate  experiments,  in  which  the  image  of  the  Sun  and  that  of 
n  large  spot  were  projected  on  a  screen,   and  the  difference 
of  temperature  was  measured  by  a  thermo-electric  appa- 
ratus (*88). 

Whether  the  calorific  are  distinguished  from  the  lummous 
rays  by  different  lengths  in  the  transverse  undulations  of  the 
ether, — or  whether  they  are  identical  with  the  luminous  rays, 
but  only  excite  in  our  organs  the  sensation  of  light  at  a 


VQBTION  OP  THE  COSMOS. — THE  SUN.       289 

eertain  rapidity  of  vibrations  which  produces  very  high 
temperatures^ — in  either  case  the  Sun,  as  the  chief  source  of 
light  and  heat^  may  elicit  and  animate  magnetic  forces  on 
OUT  planet^    and  especially  in  its  gaseous  envelope,   the 
atmosphere.    The  early  knowledge  of  thermo-electric  pheno- 
mena in  crystallised  bodies  (tourmaline,  boracite,  and  topaz), 
and  Oersted's  great  discovery  in  18£0,  according  to  which 
every  conductor  of  electricity  exerts,  during  the  time  that  the 
electric  current  is  passing  through  it,  a  determinate  action 
upon  a  magnetic  needle,  gave  practical  manifestation  of 
the  intimate  relations  subsisting  between  heat,  electricity, 
and  mgnetism.     The  ingenious  Ampere,   who  ascribed  all 
magnetism  to  electric  currents  situated  in  a  plane  perpen- 
dicular to  the  axes  of  the  magnets,  based  on  the  idea  of  this 
i^tionship  between  heat,  electricity,  and  magnetism  the 
liypothesis,  that  terrestrial  magnetism,  {i,  e,  the  magnetic 
charge  of  the  Earth),  is  produced  by  electric  currents  passing 
roimd  the  planets  from  east  to  west,  and  that  the  solar  heat 
being  the  exciter  of  these  currents,  the  diurnal  variation 
of  the  magnetic  declination  is  the  result  of  the  change 
of  temperature  produced  by  the  diurnal  change  in  the  Sun's 
altitude.    The  thermo-electric  experiments  of  Seebeck,  in 
vMch  differences  of  temperature  in  the  points  of  connection 
of  a  circle,  made  of  bismuth  and  copper,  or  other  dissimilar 
Ductals,  cause  a  deflection  of  the  magnetic  needle,  supported 
Ampere's  views. 

A  new  and  brilliant  discovery  of  Faraday's,  the  following 
0^  of  which  by  the  author  is  taking  place  almost  simulta- 
^ttsly  with  the  printing  of  these  pages,  throws  an  unexpected 
light  on  thisimportant  subject.  "Whereas  earlier  investigations 
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of  this  great  physicist  had  made  it  appear  that  all  gases  are 
diamagnetic — i,  e,  that  they  arrange  themselves  east  and  west 
like  bismuth  and  phosphorus  (oxygen  gas,  however,  the  most 
feebly  so), — his  last  train  of  researches,  the  commencement 
of  which  goes  back  to  1847,  shews  that  oxygen,  unlike  all 
other  gases  in  this  respect,  comports  itself  like  iron  in  taking 
a  north  and  south  axial  direction ;  and  farther,  that  it  loses 
part  of  its  paramagnetic  force  by  rarefaction  and  increase 
of  temperature.  As  the  diamagnetic  quality  of  the  other 
constituents  of  the  atmosphere — nitrogen  andf  carbonic  acid 
gas  —is  not  modified  by  expansion  or  by  increase  of  tempera- 
ture, we  have  only  to  consider  the  atmosphere  of  oxygen, 
which  surrounds  the  Earth  like  a  dome  of  thin  sheet  iron 
and  receives  magnetism  from  it.  The  half  of  the  dome 
which  is  turned  towards  the  sun  becomes  less  paramagnetie 
than  the  o])posite  one,  and,  as  by  the  Earth's  rotation  and 
revolution  roumd  the  Sun,  the  boundaries  between  these  two 
half  domes  are  continually  shifting  their  place,  Faraday  is 
inclined  to  derive  a  part  of  the  variations  of  magnetism  on  the 
surface  of  our  globe,  from  these  thermic  relations.  The  assi- 
milation, by  adequate  experimental  research,  of  one  kind  of 
gas,  oxygen,  to  iron,  is  an  important  discovery  of  the  time  in 
which  we  live  [^^^),  and  is  of  the  higher  importance,  because 
it  is  probable  that  oxygen  constitutes  almost  the  half  of  all  the 
ponderable  matter  belonging  to  the  accessible  portions  of  our 
planet.  Without  the  assumption  of  magnetic  poles  in  the  sun, 
or  of  proper  magnetic  forces  in  the  solar  rays,  the  central 
body  of  our  system  may  excite  magnetic  activity  on  our 
planet  simply  by  its  powerful  agency  as  a  source  of  heat. 
The  attempts  which  have  been  made  to  show,  by  meteo- 
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lolc^'cal  observations  continued  for  several  years  at  single 

stations,  that  on^  side  of  the  sun   (ex.  gr.  the  side  which 

was  turned  towards  the  earth  on  the  1st  of  January,  1846) 

has  a  stronger  heating  power  than  the  opposite  side  (*^), 

have,  hke  the  so-called  proofs  of  the  decrease  of  the  sun^s 

diameter  deduced  from  the  earlier  Greenwich  Observations 

of  Maskdyne,  led  to  no  certain  result.     The  periodicity  of 

the  solar   spots,   reduced  to   definite  numerical  ratios  by 

Hofrath  Schwabe,  of  Dessau,  appears  to  rest  on  a  better 

foundation.     Among  the  astronomers  now  living  who  are 

provided  with  excellent  instruments,  no  other  one  has  been 

able  to  devote  to  this  subject  such  persevering  attention  as 

Schwabe  has  done.     During  the  long  space  of  twenty-four 

years  he  has  often  examined  the  sun's  disk  for  upwards  of 

800  days  in  each  year.     His  observations  of  the  solar  spo:s 

from  1844  to  1850  not  being  yet  published,  I  have  been 

indebted  to  his  friendship  for  the  opportunity  of  consulting 

them,  and  at  the  same  time  for  answers  to  many  questions 

vhich  I  proposed  to  him.     I  close  the  present  section,  on 

the  physical  constitution  of  the  central  body  of  our  system, 

^th  the  results  with  wliich  his  kindness  has  enriched   the 

astronomical  portion  of  my  work : — 

"The  numbers  contained  in  the  following  table  leave  no 

KK)m  to  doubt  that,  at  least  from  the  year  1826  to  1850, 

the  solar  spots  have  shown  a  period  of  about  ten  years,  with 

ttarima  in  1828,   1837,  and  1848,  and  minima  in  1833 

^d  1843.     I  have  had  no  opportunity  of  becoming  ac- 

<inainted  with  any  continuous  series  of  earlier  observations, 

"^t  I  readily   admit  that  the  period  may  be  a  variable 
oiie(*9i) . 
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Tear. 

GroopB. 

Days  free 
from  Spots. 

DajBof 
Obeenralioi 

1826 

118 

22 

277 

1827 

161 

2 

273 

1828 

225 

0 

282 

1829 

199 

0 

244 

1830 

190 

1 

217 

1831 

149 

3 

239 

1832 

84 

49 

270 

1833 

33 

139 

267 

1834 

51 

120 

273 

1835 

173 

18 

244 

1836 

272 

0 

200 

1837 

883 

0 

168 

1838 

282 

0 

202 

1839 

162 

0 

205 

1840 

152 

3 

263 

1841 

102 

15 

283 

1842 

68 

64 

307 

1843 

34 

149 

312 

1844 

52 

111 

321 

1845 

114 

29 

332 

1846 

157 

1 

314 

1847 

257 

0 

276 

1848 

330 

0 

278 

1849 

238 

0 

285 

1850 

186 

2 

808 

"  In  almost  all  the  years  except  those  of  the  minimi 
observed  large  spots  visible  to  the  naked  eye — ^I  me 
spots  whose  diameters  are  above  50",  which  is  the  s 
at  which  they  begin  to  be  discernible  by  a  keen-sighi 
unassisted  eye.     The  largest  spots  appeared  in  the  ye 
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1828,  1829,  1881,  1836,  1S37,  1838,  1839,  1847,  and 
1848. 

''The  spots  are  andoubtedly  in  dose  relation  to  the  for- 
mation of  &cul».  I  have  seen  abundant  instances  of  the 
disappearance  of  spots  being  followed  by  the  appearance  in 
the  same  places  of  faculse  and  'Narben'  (scars,  cicatrices), 
and  also  of  new  spots  showing  themselves  in  the  facolse. 
Each  spot  is  surrounded  by  more  or  less  intensely  lumi- 
nous doud.  I  do  not  believe  that  the  spots  on  the  sun 
have  any  influence  on  the  temperature  of  the  year.  I  record 
the  indications  of  the  barometer  and  thermometer  three 
times  a  day,  but  as  yet  the  means  deduced  therefrom  have 
not  suggested  any  sensible  connection  between  climatic 
conditions  and  the  number  of  spots.  Even  if  single  cases 
were  to  show  such  an  apparent  connection,  it  still  would 
not  deserve  to  have  any  importance  attached  to  it,  until  con- 
finned  by  temperature  results  from  many  other  parts  of  the 
Earth.  If  the  solar  spots  should  really  have  any  minute 
influence  on  our  atmosphere,  my  table  would  perhaps  rather 
seem  to  indicate  that  the  years  when  the  spots  were  most 
numerous  had  fewer  clear  days  than  those  in  which  spots 
were  less  frequent  (Schwabe  in  Schum.  Astron.  Nachr.,  No. 
688,  8.  221). 

"William  Herschel  gave  the  name  ot  f acuta  to  the 
Wghter  luminous  streaks  which  show  themselves  only 
Wards  the  margin,  and  that  of  Narben  to  the  veins  or 
'^'eaks  which  are  only  seen  towards  the  middle  of  the  sun's 
*sk  (Astron.  Nachr.,  No.  350,  S.  243).  I  think  I  have 
convinced  myself  that  '  Faculae'  and  '  Narben'  proceed  from 
fte  same  condensed  luminous  cloud,  which  at  the  margin 
01  the  sun's  disk  stands  out  brighter,  but  in  the  middle  of 
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the  disk  appears  in  the  form  of  Narben^  or  less  bright  tlian 
the  general  surface,     I  prefer  calling  all  brighter  places  oa 
the  sun's  disk  "  luminous  cloud/^  dividing  them  accordinf 
to  their  forms  into  masses  and  streaks.     This  Imninous 
cloud  is  distributed  irregularly  over  the  sun's  surface^  and 
sometimes,   when  it   shows  itself  most  proininently,  evea 
gives  to  the  solar  disk  a  marbled  appearance.     It  is  oftea 
distinctly  visible  on  the  whole  of  the  sun's  msorgin^  some- 
times even  up  to  the  poles ;  but  it  always  appears  most 
strongly  in  the  two  zones  which  the  spots  more  particularly 
affect,  and  this  even  at  times  when  there  are  no  spots  there. 
On  such  occasions  these  two  bright  zones  of  the  sun's  disk 
remind  one  vividly  of  Jupiter's  belts. 

'*  Ridges  are  the  less  bright  parts  intervening  between 
the  streaks  of  bright  cloud,  and  showing  always  a  shagreen- 
like  aspect,  reminding  one  of  sand  in  which  all  the  grains 
are  alike  in  size.  On  this  shagreen-Uke  surface  we  some- 
times see  extraordinarily  small,  faint,  grey  (not  black)  points 
(pores),  which  are  again  traversed  by  exceedingly  fine,  dark, 
small  veins  (Astr.  Nachr.,  No.  473,  S.  286).  Such  pores, 
when  in  masses,  form  grey  cloud-like  spaces,  and  even  the 
penumbras  of  the  solar  spots.  In  these  latter  we  see  pores 
and  black  points  extend,  mostly  in  radiating  lines,  from  the 
nucleus  to  the  circumference  of  the  penumbra;  and  hence 
arises  the  frequent  agreement  in  form  between  the  nucleus 
and  the  penumbra.'' 

The  explanation  and  connection  of  these  varying  pheno- 
mena will  perhaps  first  become  known  in  their  full  import- 
ance to  the  investigators  of  nature,  when,  at  some  future 
day,  and  under  the  long-continued  serenity  of  a  tropical  sky 
during  an  interval  of  several  months,  there  shall  be  ob- 
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1^  by  the  help  of  photographic  apparatus,  combined 
with  mechanical  clockwork    moTement,   an  anintermpted 
series  of   graphical  repiesentations  of  solar  spots   {*^). 
lifeteorological  processes  taking  place  in  the  gaseous  enve- 
lopes of  the  dark  solar  bodj  cause  the  phenomena  which 
we  term  solar  spots  and  condensed  lominoos  clouds.   There, 
as  well  as  in  the  meteorology  of  our  own  planet,  the  disturb- 
ances are  probably  so  varied  and  complicated  in  their  kind, 
and  so  intricate  in  respect  to  the  causes  in  which  they  origi- 
nate, and  which  are  partly  general  and  partly  local,  that  it 
is  only  by  long-continued  observation,  aiming  at  the  greatest 
attaiuable  completeness,  that  we  can  hope  to  resolve  even  a 
portion  of  the  still  obscure  problems  which  they  present. 
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II. 


The  Planets. 

Befoee  we  enter  into  descriptions  of  each  of  these  bodies 
viewed  individually,  I  propose  to  present  some  general  and 
comparative  considerations  respecting  the  entire  class  to 
which  they  belong.     These  considerations  will  embrace,  in 
conformity  to  the  state  of  discovery  at  the  present  moment, 
i2,  primary  planets,  and  21  subordinate  bodies,  moons  or 
satellites.     They  do  not  apply  to  other  classes  of  bodies  in 
our  planetary  or  solar  system,  among  which  comets  whose 
orbits  have  been  calculated  are  already  ten  times  as  nume- 
rous.    Planets  have,  generally  speaking,  only  a  slight  degree 
of  scintillation,  because  they  shine  by  the  solar  light  reflected 
from  their  disks.     (The  difference  in  this  respect  between 
disks  and  luminous  points  has  been  explained  in  pp.  68  and 
xxviii.  of  the  First  Part  of  the  present  volume.)     In  the 
pale  radiance  of  the  illuminated  moon,  and  in  the  reddened 
light  of  its  darkened  disk^  which  shows  itself  with  peculiar 
strength  within  the  tropics,  the  solar  light,  as  seen  by  the 
observer  stationed  on  the  Earthy  has  suffered  a  two-fold 
change  of  direction.     That  the  Earth  and  other  planets  are 
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capaible  of  evolving  a  faint  light  of  their  own,  not  derived 
fi^m  reflection^ — as  is  sometimes  evidenced  by  remarkable 
phenomena  appearing  in  the  part  of  Yenos  which  is  not 
turned  towards  the  sun, — has  been  abready  remarked  in  the 
first  volume  of  the  present  work  (*^3). 

We  propose  to  consider  the  planets  in  regard  to  their 
number,  the  order  of*  succession  of  their  discovery,  their 
volome  as  compared  with  each  other  and  with  their  distances 
bom  the  sun,  and  according  to  their  relative  densities,  masses, 
times  of  rotation,  excentricities  and  inclinations  of  axis,  as  well 
as  to  the  characteristic  diversity  of  those  within  and  those 
beyond  the  zone  of  the  small  planets.  Among  these  sub- 
jects of  comparative  consideration  I  have,  in  accordance 
with  the  nature  of  my  work,  devoted  particular  care  to  the 
selection  of  the  most  accurate  numerical  data  for  the  epoch 
st  which  these  pages  are  printed — t.  e.,  the  results  of  what 
ve  supposed  to  be  the  best  assured  as  well  as  the  most  re- 
cent investigations. 

a.  Primary  Planets, 

1.  Number  and  epoch  of  discovery. — Of  the  seven  cos- 
Ducal  bodies  which,  by  their  continually  varying  relative 
positions  and  distances  apart,  have  ever  since  the  remotest 
antiquity  been  distinguished  from  the  "  unwandering  orbs'* 
o^tbe  heaven  of  the  fixed  stars,  which  to  all  sensible  appear- 
^^WJe  preserve  their  relative  positions  and  distances  un 
changed,  five  only — Mercury,  "Venus,  Mars,  Jupiter,  and 
Saturn — wear  the  appearance  of  stars :  ''  quinque  Stellas 
^f^ntes  /^  while  the  sun  and  moon,  from  the  size  of  their 
^ks,  their  importance  to  man,  and  the  place  assigned  to 
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them  in  mythological  systems    {^^),   were  classed  apart. 
Thus,  according  to  Diodorus  (ii.  80),  the  Chaldeans  lecog- 
nised  only  five  planets ;  Plato,  also,  in  the  Timaeus,  on  the 
only  occasion  on  which  he  refers  to  the  planets,  says  ex- 
pressly— "Around  the  Earth  reposing  in  the  centre  of  the 
Cosmos  move  in  seven  orbits  the  moon,  the  sun,  and  five 
other  stars  to  which  the  name  of  planets  has  been  attached" 
(*95).     So^  also,  in  the  ancient  Pythagorean  representation 
of  the   structure  of  the   heavens,  according  to  Philolaus, 
among  the  ten  divine  bodies  or  celestial  orbs  which  circle 
round  the  central  fire  (the  hearth  of  the  Universe,  tariajj 
the  five  planets  (whicli  are  named)  {*9^)  revolve  immediatdj 
below  the  heaven  of  the  fixed  stars ;  then  follow  the  sxm, 
moon,  earth,  and  avTix^iov  (anti-earth).     Ptolemy  himself 
still  continues  to  speak  of  five  planets  only.     The  enumera- 
tion of  the  series  of  seven  planets  as  distributed  by  Julius 
Pirmicus  ('^^^j  among  the  Decans,    as  represented  in  the 
zodiac  of  Bianchini  (examined  by  me  elsewhere  (*^®),  and 
probably  belonging  to  the  third  century  of  our  era),  and  as 
contained   in   Egyptian   monuments   of  the  times  of  the 
Csesars,  belongs   not  to   ancient  astronomy,  but  to  later 
periods,  when  astrological  fancies  had  become  everywhere 
prevalent  (*99).     That  the  moon  should  have  been  included 
in  the  series  of  the  seven  planets  need  not  surprise  us,  since, 
w^ith  the  exception  of  a  remarkable  view  of  attraction  taken 
by  Anaxagoras  (Kosmos,  Bd.  ii.  S.  348  and  501,  Anm.  27  j 
Eng.  edit.  p.  308,  and  Note  467),  its  more  immediate  de- 
pendence on  the  Earth  is  scarcely  ever  alluded  to  by  the 
ancients.     On  the  other  hand,  in  a  notice  of  the  supposed 
structure  of  the  universe  mentioned  by  Vitruvius  (^°®),  and 
by  Martianus  Capella  (^°^),  but  without  naming  its  author, 
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fee  two  planets  which  we  call  inferior  planets,  Mercury  and 
Venus,  are  regarded  as  satellites  of  the  sun,  which  is  itself 
supposed  to  revolve  round  the  Earth.  There  is  as  little 
reason  for  terming  such  a  system  an  Egyptian  one  {^^^)  as 
for  confounding  it  with  Ptolem/s  epicycles,  or  Tycho  Brahe^s 
^iew  of  the  universe. 

The  names  by  which  the  five  star-like  planets  were  desig- 
nated by  the  nations  of  antiquity  are  of  two  kinds — mytho- 
logical or  names  of  divinities, — and  significant  or  descriptive, 
taken  firom  real  or  supposed  physical  properties.     It  is  the 
Haore  difficult  to  determine,  from  the  only  sources  of  infor- 
uaalion  hitherto  open  to  us,  what  may  have  been  derived  in 
this  respect  originally  from  the  Egyptians,  and  what  from 
the  Chaldeans,  because  Greek  writers  have  handed  down  to 
118  not  the  original  names  themselves  as  they  were  in  use 
*ittong  other  nations,  but  only  Greek  equivalents,  which 
they  modified   according   to  their   own  particular  views, 
'fhat  knowledge  was  possessed  by  the  Egyptians  before  the 
Chaldeans,  and  whether  the  latter  are  to  be  regarded  merely 
Hs  the  highly-gifted  scholars  of  the  former  {^^^),  are  questions 
^ch  touch  on  the  important  but  obscure  problems  of  the 
sliest  civilization  of  the  human  race,  and  the  beginning  of 
scientific  development  of  thought  on  the  banks  of  the  Nile, 
or  on  those   of  the  Euphrates.     Although  the  Egyptian 
denominations  of  the  36  Decans  are  known,  only  one  or 
^0  of  the  Egyptian  names  of  the  planets  have  come  down 

to  us  (504). 

It  is  remarkable  that  the  mythological  names  of  the 

planets,  which  are  also  given  by  Diodorus,  are  the  only  ones 

Bsed  by  Plato  and  Aristotle ;  whereas  later,  for  example 

in  the  book  '^  de  Mundo,^'  falsely  ascribed  to  Aristotle,  we 

iind  both  kinds  of  appellations — the  mythological  and  the 
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descriptive  or  expressive — ^intermixed ;  ^tuvtav  for  Saturn, 
arCKPiav  for  Mercury,  and  irvpcJeic  for  Mars  {^),    If,  asvc 
learn  from  passages  in  the  Commentary  of  Simplicias  (p. 
122)  to  Aristotle's  8th  book  ''  de  Coelo/'  and  from  Hjw 
ginus,  Diodorus,  and  Theon  of  Smyrna,  Saturn,  the  outer* 
most  of  all  the  planets  then  known,  received,  singuladj 
enough,  the  title  of  Sun,  it  can  only  have  been  because  iti 
position  and  the  length  of  its  revolution  were  supposed  to 
raise  it  to  the  rank  of  ruler  over  the  other  plan^.    De- 
scriptive appellations,  however  ancient  some  of  them  lasj 
have  bee^,  and  probably  the  same  as  were  used  by  the  Chal- 
deans, are  yet  first  found  in  frequent  use  among  Ghreek  aoi 
Boman  writers  in  the  time  of  the  Gsesars.    Their  prevalenee 
was  connected  with  the  influence  of  astrology.    The  plane- 
tary signs,  with  the  exception  of  a  round  disk  for  the  son, 
and  the  crescent  or  sickle  for  the  moon,  on  Egyptian  mcmn- 
ments,   are  of  very  late  origin;  according  to  Letronn^a 
researches,  they  even  do  not  go  back  beyond  the  tenth  coi- 
tury  (s^).     They  are  even  not  found  upon  stones  having 
gnostic  inscriptions.     Later  copyists  have  introduced  them 
into   gnostic   and   alchemistic  manuscripts ;  but  they  are 
hardly  ever  found  in  the  oldest  manuscripts  wliich  we  pos- 
sess of  the  Greek  astronomers,  Ptolemy,  Theon,  or  Cleo- 
medes.     The  earliest  planetary  signs,  some  of  which  (those 
for  Jupiter  and  Mars)  have  been  derived,  as  Salmasius  has  ob- 
served with  his  wonted  sagacity,  from  alphabetical  characters, 
were  very  different  from  those  which  we  now  employ,  the 
particular  forms  of  which  are  little,  if  at  all,  older  than  the 
15th  century.     It  is  undoubted,  and  is  proved  by  a  passage 
borrowed  by  Olimpiodorus  from  Procius  (ad  Tim.  ed.  BasiL 
p.  14),  as  well  as  by  a  late  scholion  to  Pindar  (Isthm.  Y.  2), 
that  the  symbolising  custom  of  dedicating  certain  metals  to 
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tie  dtlferent  planets  belonged  already  to  the  A'eo-platoiiic 
.  Aieiindrme  representations  oftlie5lh  eentorj'.  (Compare 
Oljinpiod,  Comment,  in  Aristot.  lleteorol.  cap.  7,  3  in 
Ideler's  edition  of  the  Meteor,  T.  ii,  p.  163 ;  also  T.  i.  pp. 
199  and  251). 

longh  the  number  of  visible  pknets  known  to  the 
ancients  amounted,  according  to  the  first  limitatioD  of 
flie  term,  only  to  five,  and  subaecjnentlj,  when  the  larger 
isra  of  the  Sun  and  Moon  were  added,  to  seven ;  jet  it  was 
dready  conjectured  that  besides  these  visible  planets  there 
oisted  others,  unseen  because  possesdng  only  a  fainter 
■i^ree  of  lustre.  This  opinion  is  pointed  out  by  Simpli- 
la  as  an  Aristotelian  one ;  "It  may  be  that  Iiuiar  eclipses 
we  sometimes  caused  by  such  dark  bodies  moving  round 
tile  common  centre  as  well  as  by  the  Earth."  Artemidorua 
i  Ephesus,  whom  Strabo  ofteo  refers  to  as  a  geographer, 
Wieved  in  the  existence  of  a  countless  number  of  such 
wk  revolving  cosmical  bodies.  The  old  imaginary  auti- 
iBth  (ivTix^dic)  of  the  Pythagoreans  does  not  belong  to  the 
^W  of  these  conjectures.  It  and  the  Earth  were  supposed 
»  have  a  parallel  concentric  movement ;  it  was  an  idea 
lerised  to  spare  the  Earth,  which  was  supposed  to  ijcrform 
iKmud  the  central  fire  a  planetary  revolution  in  24  hourg, 
ftom  haling  also  to  esecute  a  movement  of  rotation,  and, 
Bileed,  represented  no  doubt  the  opposite  hemisphere,  or 
&  antipodal  half  of  our  planet  (""). 
If  from  the  entire  number  of  planetary  bodies  now  known 
i,  43  primary  planets  and  satellites,  being  six  times  as 
nny  as  were  kaowu  to  the  ancients,  we  take  the  36  which 
■e  been  discovered  since  the  invention  of  the  telescope,  and 
iride  theur  chronologically  according  to  the  periods   of 
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their  discovery,  we  find  that  nine  were  first  seen  in  the  17th 
century,  nine  again  in  the  18th,  and  eighteen  m  the  first 
half  of  the  present  or  19th  century. 

Chronological  table  of  planetary  discoveries,  or  of  pn- 
mary planets  and  satellites ^  since  the  invention  oftke 
telescope,  m  1608  ; — 

A.  The  Seventeenth  Century. 

Four  satellites  of  Jupiter :  by  Simon  Marius,  at  Ansbach, 
Dec.  29,  1609;  and  by  Galileo,  at  Padua,  Jan.  7, 1610. 

Compound  form  of  Saturn :  Galileo,  Nov.  1610 ;  the 
two  side  anses  seen  by  Hevelius,  1656 ;  final  recognition  of 
the  true  form  of  the  ring  by  Huygens,  Dec.  17,  1657. 

The  6th  satellite  of  Saturn  (Titan) :  Huygens,  March  25, 
1655. 

The  8th  satellite  of  Saturn  (the  outermost  one,  Japetus) : 
Domin.  Cassini,  Oct.  1671. 

The  5th  satellite  of  Saturn  (Rhea) :  Cassini,  Dec.  28, 
1672. 

The  3d  and  4th  satellites  of  Saturn  (Tethys  and  Dione) : 
Cassini,  end  of  March  1684. 

B.  Eighteenth  Century. 

Uranus  :  William  Herschel,  March  13, 1781,  at  Bath. 

The  2d  and  4tli  satellites  of  Uranus  :  William  Herschd, 
Jan.  11,  1787. 

The  1st  satellite  of  Saturn  (Mimas) :  W.  Herschel,  Aug. 
28,  1789. 

The  2d  satellite  of  Saturn  (Enceladus) :  W.  Herschel, 
Sept.  17,  1789. 

The  1st  satellite  of  Uranus :  W.  Herschel,  Jan.  18 
1790. 
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The  5th  satellite  of  Uranus:  W.  Herscliel,  Feb.  9, 
1790. 

The  6th  satellite  of  Uranus:  W.  Herschel,  Feb.  28, 
1794. 

The  3d  satellite  of  Uranus :  W.  Herschel^  March  26, 
1794. 

C.  Nineteenth  Century. 

Ceres''^:  Fiazzi,  at  Falermo,  Jan.  1,  1801. 

Palias*  :  Olbers,  at  Bremen,  March  28,  1802. 

Juno*:  Harding,  at  Lilienthal,  Sept.  1,  1804. 

Vesta*:  Olbers,  at  Bremen,  March  29,  1807. 

(An  interval  of  38  years  occurred  without  any  planetary 
&covery.) 

AsTRfiA*  :  Hencke,  at  Driesen,  Dec.  8,  1845. 

Neptune  :  Galle,  at  Berlin,  Sept.  23,  1846. 

The  1st  satellite  of  Neptune :  W.  Lassell,  at  Starfield, 
near  Liverpool,  Nov.  1846;  Bond,  at  Cambridge,  U.S. 

Hebe*  :  Ilencke,  at  Driesen,  July  1, 1847. 

Iius^^ :  Hind,  London,  Aug.  13,  1847. 

J'^EA*:  Hind,  London,  Oct.  18,  1847. 

If^s*:  Graham,  at  Markree  Castle,  April  25,  1848. 
^^^  7  th  satellite  of  Saturn  (Hyperion) :  Bond,  at  Cam- 
•^"'^e,  U.S.,   16-19th  Sept.  1848 ;  Lassell,  at  Liverpool, 
^^•20th  Sept.  1848. 
*^^Qeia*  :  De  Gasparis,  at  Naples,  April  12,  1849. 
"^^THENOPE* :  De  Gasparis,  at  Naples,  May  11,  1850. 
•*-he  second  satellite  of  Neptune :  Lassell,  at  Liverpool, 
^^gUstl4,1850. 
^lOroBiA'**' :  Hind,  London,  Sept.  13,  1850. 
^^^ERiA**^ :  De  Gasparis,  at  Naples,  Nov.  2,  1850. 
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Ibene*:  Hind,  London,  May  19,  1851;  andDeOns- 
paris,  at  Naples,  May  23,  1851. 

In  the  above  chronological  review,  (^^s)  the  primary 
planets  are  distinguished  from  the  secondary  planets  or 
satellites  by  a  difference  of  type.  An  asterisk  has  been  ap- 
pended to  each  member  of  that  class  of  primary  planets 
which  form  a  peculiar  and  very  extended  group,  as  it  wen 
a  ring  of  132  millions  of  geographical  miles  in  breadthi 
situated  between  Mars  and  Jupiter,  and  are  common^ 
called  the  smaller  planets,  and  sometimes  telescopic  ^aofitay 
co-planets,  asteroids  or  planetoids.  Of  these,  4  were  disoo- 
vered  in  the  first  seven  years  of  the  present  century,  and 
10  in  the  course  of  the  six  years  which  have  just  terminated 
— a  result  due  less  to  the  improvement  which  has  takei 
place  in  telescopes,  than  to  the  diligence  and  skill  of  ob- 
servers, and  in  particular  to  the  improved  star  maps,  whick 
have  been  so  greatly  enriched  by  the  addition  of  stars  of  tb 
9th  and  10th  magnitudes.  Moving  points  arenowmoie 
easily  distinguished  from  among  the  adjacent  unmoving  or 
fixed  stars  (See  First  Part  of  the  present  volume,  p.  98-99; 
and  in  the  original  Germao,  S.  155).  The  number  of  tb 
primary  planets  has  been  exactly  doubled  since  the  publica- 
tion of  the  first  volume  of  Kosmos  {^^^),  so  quickly  hive 
discoveries  succeeded  each  other,  so  rapid  has  been  the  ad- 
vance in  the  extension  and  completion  of  the  topography  rf 
our  planetary  system. 

2.  Distribution  of  planets  into  two  groups. — If,infl« 
solar  domain,  we  regard  the  region  of  the  small  planets  sitfr 
ated  between  the  orbits  of  Mars  and  Jupiter,  but  nearer  fltt 
the  whole  to  the  former  than  to  the  latter,  as  a  dividinj 
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H  Space,  or  as  forming,  as  it  were,  a  middle  group ; 
\b  has  been  already  remarked,  the  m»er  planets — 
rbicli  are  nearer  to  the  Sun — viz.  Mercury,  Venus, 
land  Mars — present  many  points  of  resemblance  to 
Iter  and  of  contrast  to  tbe  outer  planets — Jnpiter, 
I  "Uranus,  and  Neptune — situated  further  from  the 
It^nd  the  dividing  zone.  The  middle  group  of  the 
ft  that  of  the  small  planets,  scarcely  occupies  half  the 
■  between  the  orbits  of  Mars  and  of  Jupiter.  In 
Be  between  these  two  greater  planets  it  is  the  part 
f.to  Mars  which,  so  far  as  our  present  knowledge 
I  us  to  judge,  is  most  richly  furnished ;  for  if,  in 
R  of  the  aateioids,  we  consider  the  extreme  ones  on 
hide — Flora  and  Hygeia — we  find  that  Jupiter  is 
■on  three  times  farther  from  Hygeia  than  Flora  is 
fciTs.  This  middle  group  is  strongly  distinguished 
M  others  by  the  intersecting,  highly  inclined,  and 
K  orbits,  and  by  the  very  small  dimensions  of  the 
nf  which  it  consists.  Tbe  inclination  of  the  orbits 
Ibliptic  rises  in  Juno  to  13°  3',  in  Hebe  to  14°  47', 
Kb  to  16°  33',  and  in  Pallas  even  to  34°  37' j  while 
■Bmc  middle  group  it  falls  as  low  as  5°  19'  in  Astrea, 
■n  Parthenope,  and  even  as  3°  47'  in  Hygeia.  The 
■anets  whose  orbits  have  less  than  7°  of  incHnation 
■escending  order.  Flora,  Metis,  Iris,  Astnea,  Parthe- 
lut  Hygeia;  but  in  none  of  these  are  the  inclinations 
t  aa  in  Venus,  Saturn,  Mars,  Neptune,  Jupiter,  and 
K  lu  excentricity  of  orbit  some  of  the  smalt  planets 
land  some  fall  short  of  Mercury  (0.206),  Juno, 
Hris,  and  Victoria  having  0.255,  0.S39,  0.282,  and 
m  wbile  Ceres,  Egeria,  and  Vesta,  have  respectively 
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0.076,  0.0i56,  0.089,  being  excentricities  inferior  to  that 
of  tlie  orbit  of  Mars  (0^093),  but  without  making  so  near 
an  approach  to  a  circular  orbit  as  the  planets  Jupiter^  Stk 
turn,  and  Uranus.  The  diameters  of  the  telescopic  planets 
are  so  small  as  to  render  their  measurement  very  difficult 
and  uncertain.  From  the  observations  of  Lamont  at  Mnnidi, 
and  of  Madler  with  the  Dorpat  re&actor,  it  is  probable  that 
the  largest  of  them  all  does  not  exceed  at  the  utmost  145 
German,  or  580  English  geographical  miles,  being  |tii  of 
the  diameter  of  Mercury,  and  -r^jth  of  that  of  the  Earth. 

If  we  call  the  four  planets  nearest  to  the  Sun,  between 
the  ring  of  Asteroids  or  small  planets  and  the  central 
body,  inner  planets,  and  the  four  planets  which  are  far- 
thest from  the  sun  (being  placed  between  the  ring  of 
the  asteroids  and  the  unknown  extremities  of  the  solar 
domain)  outer  planets,  we  find  the  inner  planets  all  of 
moderate  magnitude,  comparatively  dense,  slow  in  thar 
movements  of  rotation  round  their  axes,  (the  periods  beiia} 
nearly  similar  in  all,  differing  little  in  any  case  from  24 
hours),  and,  with  the  exception  of  the  Earth,  wholly  desti- 
tute of  satellites.  The  four  outer  planets, — Jupiter,  Sa- 
turn, Uranus,  and  Neptune, — on  the  other  hand,  are  mni 
larger,  five  times  less  dense,  rotate  twice  as  rapidly  round  their 
axes,  are  more  flattened  at  the  poles,  and  richer  in  satelKtei 
in  the  average  proportion  of  20  to  1.  Of  the  four  inner 
planets  the  Earth  is  the  largest  (the  diameters  of  Mercury 
and  Mars  are  respectively  -f-ths  and  J  of  the  Earttfa 
diameter) ;  while  the  outer  planets,  on  the  other  hand,  are 
from  4'2  to  11*2  times  larger  than  the  Earth.  The  densitj 
of  the  Earth  being  taken  as  unity,  the  densities  of  Yenna 
and  Mars  agree  with  it  to  less  than  tV^^>  ^^^  the  densit} 
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of  Mercury  (according  to  the  mass  of  that  planet  as  deter- 
mined by  Encke)  is  only  a  little  greater.  On  the  other 
hand,  none  of  the  outer  planets  exceed  J  in  density; 
Saturn  is  even  only  fth,  being  iittle  more  than  half 
as  dense  as  the  other  outer  planets  and  the  sun.  ITie 
oator  planets  present  to  us  a  phenomenon  unique  in  the 
entire  solar  system — i.  €».,  the  wondrous  appearance  of 
i  solid  ring  encircling  its  primary  planet,  but  detached  from 
it  and  suspended  freely  in  space.  They  also  present  to  us  at- 
mospheres which,  by  the  peculiarities  of  the  condensations 
taking  place  in  them,  appear  to  our  eyes  as  variable,  and  in 
Satom  sometimes  even  as  interrupted,  streaks  or  belts. 

Although,  in  the  important  diWsion  of  the  planets  into 
two  groups  of  interior  and  exterior  planets,  the  facts  of  abso- 
lute magnitude,  density,  compression  at  the  poles,  velocity 
of  rotation,  and  presence  or  absence  of  moons  or  satellites, 
show  a  general  connection  with  the  solar  distances,  or  with 
Qie  semi-major  axes  of  the  orbits,  yet  this  connection  or  de- 
poidence  can  by  no  means  be  asserted  in  respect  to  each 
individual  member  of  these  groups.  As  I  have  already  before 
remarked,  we  as  yet  know  of  no  inherent  necessity,  no  me- 
chanical natural  law,  which — as  the  fine  law  which  links  toge- 
fter  the  squares  of  the  times  of  revolution  and  the  cubes  of 
the  major  axes — should  represent  the  above-named  elements 
rf  magnitude,  density,  &c.,  for  the  succession  of  the  several 
planetary  bodies  in  each  group,  in  connection  with  or  depend- 
ence on  their  respective  solar  distances.  Although  it  is  true 
that  the  planet  which  is  nearest  to  the  sun  (Mercury)  is 
iko  the  densest,  and  even  six  or  eight  times  as  dense  as  the 
xt^or  planets,  Jupiter,  Saturn,  Uranus,  and  Neptune; 
et  the  order  of  succession   between  Venus,  Earth,  and 
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Mars,  and  between  Jupiter,  Saturn,  and  Uranus,  is  very  far 
from  being  a  regular  one.  We  see  that,  in  general,  the 
absolute  magnitudes,  as  Kepler  had  already  remarked  (Ht^ 
monice  Mundi,  V.  iv.  p.  194 ;  Kosmos,  Bd.  i.  8.  889j 
Eng.  ed.  p.  xvi.  Note  88),  increase  with  the  distance;  bol 
this,  though  generally  true,  is  not  true  of  each  case  in  par- 
ticular, for  Mars  is  less  than  the  Earth,  Uranus  less  than 
Saturn,  Saturn  less  than  Jupiter,  and  Jupiter,  the  laigeit 
of  all  the  planets  known  to  us,  is  immediately  preceded  bj 
a  group  of  planets  whose  disks  are  scarcely  measnnbk 
from  their  minuteness.  The  velocity  of  rotation  doei 
indeed  increase  generally  with  the  solar  distance;  but  yet 
the  rotation  of  Mars  is  slower  than  that  of  the  Earth,  and 
that  of  Saturn  slower  than  that  of  Jupiter. 

The  world  of  forms  can,  I  repeat,  be  only  depicted  acccffd- 
ing  to  the  actual  relations  of  space  existing  in  nature,  not  as 
the  necessary  object  of  intellectual  deduction  or  of  an  alreadj 
recognised  causal  sequence.  In  this  respect  no  natural  law 
has  been  discovered  in  celestial  space,  any  more  than  in  the 
geographical  position  of  the  culminating  points  of  mountain 
chains,  or  in  the  particular  configuration  of  continents  on 
the  surface  of  our  globe.  They  are  facts  in  Nature  whiA 
have  issued  from  the  conflict  of  tangential  and  attracting 
forces  of  manifold  character,  acting  under  conditions  which 
remain  unknown  to  us.  We  here  find  ourselves  approad- 
ing  with  eager  but  unsatisfied  curiosity  the  mysterious  do- 
main of  formation.  The  questions  before  us  relate,  in  ita 
strict  sense  of  the  words,  to  universal  events,  to  cosmical 
processes  taking  place  in  intervals  of  time  to  us  immeasura- 
bly small. 

If  the  planets  have  been  gradually  formed  from  revolt 
ing  rings  of  vaporous  matter,  when  this  matter  began  ^ 
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condense  towards  different  points  of  predominating  attrac- 
tion, it  must  have  passed  through  an  ahnost  infinite  succes- 
sion of  states  in  order  to  form  some  simple  and  other 
intersecting  orbits ;  and  planets  varying  so  greatly  in  mag- 
nitude^ ellipticity^  and  density^  some  accompanied  by^  and 
others  destitute  of  moons,  and  even  in  one  case  a  series  of 
satellites  united  in  a  sohd  ring.  The  present  form  of 
things,  and  the  exact  numerical  determination  of  their  mu- 
tual relations,  have  not  as  yet  conducted  us  to  a  knowledge 
of  the  states  previously  passed  through,  nor  to  a  clear  insight 
into  the  conditions  under  which  they  have  arisen.  Yet 
these  conditions  are  not  therefore  to  be  termed  accidental, 
•8  man  is  prone  to  call  all  which  he  cannot  yet  explain  gene- 
tically. 

8.  Absolute  and  apparent  magnitudes,  and  external 
Hgure. — ^The  diameter  of  the  largest  of  all  the  planets,  Jupi- 
ter,  is  30  times  as  great  as  that  of  Mercury  (the  smallest  of  all 
the  planets  having  securely  measurable  disks),  and  almost  1 1 
times  as  great  as  that  of  the  Earth :  as  compared  with  the  Sun, 
its  diameter  is  nearly  as  1 :  10 — a  ratio  nearly  similar,  in- 
versely, to  that  between  it  and  the  Earth.  It  has  been  stated, 
perhaps  erroneously,  that  the  difference  of  size  between 
meteoric  stones,  which  many  are  inclined  to  regard  as  small 
planetary  bodies — and  Vesta,  which,  according  to  a  measure- 
ment of  Madler's,  has  a  diameter  of  264^  geographical 
miles  fd20t  geographical  miles  less  than  the  diameter  of 
Vallas,  according^  to  Lamont) — is  not  more  considerable 
than  the  difference  of  size  between  Vesta  and  the  Sun. 
According  to  these  proportions,  there  should  be  meteoric 

*  66  German  geographical  miles, 
t  80  German  geographical  miles. 
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stones  of  517  German  feet  in  diameter :  igneous  meteors 
have  certainly  been  seen  of  2600  feet  in  diameter  before  the 
explosion. 

The  connection  between  the  degree  of  compression  at  the 
poles  and  the  velocity  of  rotation  is  most  strikingly  shown 
by  a  comparison  between  the  Earth,  as  a  planet  of  the  inner 
group,  and  Jupiter  and  Saturn  belonging  to  the  outer  group 
of  planets.     For  the  Earth,  period  of  rotation  %^^  56" 
compression  -^-fy- ;  for  Jupiter,  period  of  rotation  9^  55', 
compression,  according  to  Arago,  -yV, —  according  to  John 
Herschel,  tV;  ^ot  Saturn,  period  of  rotation  10^  29°*,  com- 
pression -^:     But  Mars,  whose  rotation  is  ^/c??^^  than  that 
of  the  Earth  by  41  minutes,  has,  even  assuming  a  much 
smaller  result  than  that  adopted  by  William  Herschel,  still 
a  probably  much  greater  compression  than  the  Earth.    May 
this  anomaly,  since  the  form  of  the  superficies  of  an  elliptic 
spheroid  should  correspond  to  the  velocity  of  rotation,  be 
founded  on  a  diflferent  law  of  increasing  density  from  the 
surface  to  the  centre  in  the  two  planets,  or  in  the  possible 
circumstance  of  the  consolidation  of  the  fluid  surface  of  some 
planets  having  taken  place  before  they  had  assumed  the 
figure  corresponding  to  their  velocity  of  rotation  ?     On  the 
form  of  the  ellipticity  of  our  planet  depend,  as  theoretical  as- 
tronomy demonstrates,  the  important  phenomena  of  the  retro- 
gression of  the  equinoctial  points,  or  the  apparent  progres- 
sion of  the  heavenly  bodies,  termed  the  '^  Precession  of  the 
Equinoxes,^'  "  Nutation"  (Hbration  of  the  Earth's  axis)— 
and  the  change  of  the  obliquity  of  the  ecliptic. 

The  apparent  diameters  of  the  planets  are  determined  by 
their  absolute  magnitudes,  and  by  their  distances  from  the 
Earth  :  the  following  is  the  order  of  arrangement  which 


FOBnON  OF  THE  COSMOS. — THE  PLAIHSTS.  811 

corresponds  to  their  absolute  or  true  magnitades,  beginning 
with  the  smallest : — 

The  group  of  the  smaller  planets,  of  which  Pallas  and 
Vesta  appear  to  be  the  largest :  then — 

I  Mercury.  Neptune. 

Mars.  Uranus. 

Venus.  Saturn. 

Earth.  Jupiter. 

At  their  respective  mean  distances  from  the  Earth,  Jupi- 
tff  has  an  apparent  equatorial  diameter  of  38''  4 ;  the 
equatorial  diameter  of  Venus,  which  is  nearly  of  the  same 
inagnitude  as  the  Earth,  being  only  16"  9;  and  that  of 
.  Mars  5"  8.  At  the  inferior  conjunction,  however,  of 
Venns,  the  apparent  diameter  of  the  disk  increases  to 
6i"5  whereas  that  of  Jupiter,  when  in  opposition,  only 
increases  to  46".  It  is  here  necessary  to  remark  that 
the  place  in  the  orbit  of  Venus  at  which  that  planet  appears 
brightest  falls  between  its'  inferior  conjunction  and  its 
peatest  digression  from  the  sun;  at  which  time  the 
narrow  bow  of  light,  by  reason  of  its  greatest  proximity 
to  the  Earth,  gives  its  most  intense  light.  On  the  average, 
^enus  shines  brightest,  and,  in  the  absence  of  the  sun,  even 
^  shadows  when  she  is  40°  east  or  west  of  the  sun ; 
ber  apparent  diameter  is  then  only  40",  and  the  greatest 
breadth  of  her  illuminated  portion  scarcely  10' . 

Apparent  diameters  of  7  planets  i-^ 

Mercury,  at  mean  distance,  6"*  7  (oscillates  from  4*"4  to  1 2") 

Venus              „  16-9  (          „          9-5    „  6^) 

^m               „  5-8  (          „           3-3    „23) 

.  Vol.  Ill,  T 


i 
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Jupiter^  at  mean  distance^  38"*4  (oscillates  from  30"'0  to4 
Saturn  „  17  -1  (  -       „  15-0  „  2 

Uranus  „  3  "9 

Neptune  „  2  •? 

Volumes  of  the  planets  relatively  to  that  of  the  Earth :— 


Mercury 
Venus 

as 

1  :  16-7 
1  :    1-06 

Earth      . 

*            •            fi 

1:    1 

Mars 

•            •            » 

1:    714 

Jupiter  . 
Saturn    . 

1414:    1 
736:    1 

Uranus  . 
Neptune 

82:    1 
108:    1; 

while  the  volume  of  the  Sun  is  to  that  of  the  Earth 
1407124  :  1.  Small  alt/erations  in  the  measurements 
the  diameters  mcrease  the  resulting  volumes  in  the  ratio 
the  cubes. 

These  planetary  bodies,  which,  by  their  changes  of  pla 
enliven  and  vary  in  an  agreeable  manner  the  aspect  of  1 
starry  heavens,  produce  on  us  an  impression  which  is  in  es 
case  the  conjoint  result  of  the  magnitudes  of  their  disks  8 
their  proximity,  of  the  colour  of  their  light,  the  scintillat 
of  some  among  them  in  particular  positions,  and  the  pecnl 
manner  in  which  their  diflferent  surfaces  reflect  the  sc 
light.  Whether  the  intensity  and  quality  of  their  light  n 
be  further  modified  by  a  feeble  evolution  of  light  from  tl 
own  surfaces,  is  a  problem  which  still  rem-dns  to 
solved. 

4.  Arrangement  of  the  planets  according   to   tk 


I 

9ut< 
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nances  from  the  Sun. — The  following  table  gives  all 
the  planets  discovered  hitherto,  with  their  mean  distances 
from  the  central  body,  taking,  as  has  alwajs  bw!n  customarv 
in  aalronomy,  the  mean  solar  distance  of  the  EartL  (20652000 
German,  or  8272SO0O  Eng.  ge^^rapliiciil  miles)  as  unity. 
In  deacribing  the  planets  separately,  their  greatest  and  least 
distances  from  the  sun  will  be  given — i.  e.  their  distances 
wben  ID  aphelion  and  in  perihelion^  or  when  the  planet,  in 
tile  course  of  its  motion  in  the  ellipse  of  which  the  sun 
wcapies  the  focus,  is  respectively  at  either  end  of  the  major 
wis  (thelineofthe  apsides),  viz,  the  eod  which  is  farthest  from, 
w  that  which  is  nearest  to,  the  focus.  By  the  mean  solar  dis- 
lance  of  a  planet,  which  ia  that  which  we  are  now  speaking 
of,  »c  understand  the  mean  between  the  greatest  and  the  least 
aislance,  or  half  the  major  axis  of  the  planet's  orbit.  The 
nntnerical  data  already  given,  and  also  those  which  follow, 
>re  taken  for  the  most  part  from  Hansen's  careful  recapitu- 
lation of  the  planetary  elements,  in  Schumacher's  Jahrbuch 
for  1837.  Where  the  data  are  related  to  time,  they  apply, 
in  the  case  of  the  older-known  and  larger  planets,  to  the  year 
ISDO,  but  in  that  of  Neptune  to  1831 :  the  Berlin  Astrono- 
BUsche  Jalirbuch  for  1853  has  also  been  made  use  of.  For 
statements  relating  to  the  smaller  planets  I  am  indebted 

ices  of  the  planets  from  the  Sun : —  ^ 

Ifcpcniy 0-38709 

Venus 0-72333 

Earth 1-00000 

Uars 1-52369 


814 
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Small  Planets. 

Flora    . 

•         •         • 

2-202 

Victoria 

2-835 

Vesta  . 

2-862 

Iris 

2-385 

Metis  . 

2-386 

Hebe    . 

2-425 

Parthenope 

2-448 

Irene    . 

2-553 

Astrsea 

2-577 

Egeria . 

2-579 

Juno    . 

2-669 

Ceres    • 

2-768 

Pallas  . 

• 

2-773 

Hygeia 

)         1 

»        t 

3-151 

Jupiter    . 

•         • 

.     6-20277 

Saturn     • 

•         • 

.     9-53886 

Uranus    . 

t         • 

.  19-18239 

Neptune . 

•         • 

.  30-03628 

simple  observation 

of  t 

he  rapii 

i  diminntion  of  tli' 

periods  of  revolution  from  Saturn  and  Jupiter  to  Mars  ana 
Venus,  had,  on  the  assumption  of  the  planets  being  attached 
to  revolving  spheres,  led  very  early  to  conjectures  respecting 
the  distances  of  these  spheres  from  each  other.  As  no 
methodical  system  of  observation  and  measurement  appears 
to  have  existed  among  the  Greeks  prior  to  Aristarchns 
of  Samos  and  the  establishment  of  the  Alexandrian  Mn- 
seum,  tnere  arose  great  diversities  in  the  hypotheses  formed 
concerning  the  order  of  the  succession  of  the  planets  and 
their  relative  distances;  whether,  according  to  the  most 
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prevailing  system,  these  distances  were  taken  from  the  Earth 
filed  in  repose  in  the  ceiitrcj  otj  according  to  the  Pytha- 
goreans, from  the  "  Hearth  of  the  Universe,"  the  Uestitt. 
Great  flaetuations  of  opinion  took  place  more  particn- 
larly  in  respect  to  the  position  of  the  Snn — viz.  its  posi- 
tion relatively  to  the  inferior  planets  and  to  the  Moon  C°). 
The  Pythagoreans,  in  whose  view  number  was  the  source  of 
knowledge  and  constituted  the  essence  of  things,  applied 
^oeir  theory  of  numbers,  and  their  all-pervading  doctrine 
of  numerical  proportions,  to  the  geometric  consideration  of 
the  five  early  recognised  regular  bodies,  to  the  musical 
intervals  of  tones  determining  harmony  and  forming  diiTe- 
^^nt  families  of  sound,  and  even  to  the  structure  of  the  Uni- 
verse itself — deeming  that  the  moving,  and,  as  it  seemed, 
liaciilating  planets,  causing  waves  of  sound,  must,  by  the 
liarmonic  ratios  of  th«r  intervals  of  space,  call  forth  a 
"music  of  the  spheres."  "This  music,"  they  added, 
"  would  be  audible  to  the  human  ear,  were  it  not  tliat  be- 
"  cause  it  is  perpetual,  and  because,  therefore,  man  is  accus- 
"tomed  to  it  from  earliest  infancy,  it  remains  unheeded"  (s"). 
The  harmonic  portion  of  the  Pythagorean  doctrine  of  num- 
bers accorded  well  with  the  figurative  representation  of  the 
Cosmos  in  the  spirit  of  t)io  Timffius  of  Plato ;  for  "  to  Piato 
the  Cosmogony  appeared  the  work  of  the  union  effected 
between  opposite  primeval  causes  by  the  power  of  Har- 
mony" (^"'j.  Plato  even  personified  the  Harmony  of  the 
Universe  or  music  of  the  spheres  by  p'acing  in  each  of  the 
planetary  orbs  Syrens,  by  whose  songs,  and  by  the  support  of 
the  stem  daughters  of  Necessity,  the  three  Fates,  the  perpe- 
tual gjTatory  movement  of  the  spindles  of  the  Universe  was 
maintained  ("^).      Bcpreaentations   of  this   kind   of  the 
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Syrens,  or  sometimes  in  their  place  the  Muses,  as  celestial 
songstresses,  have  been  preserved  in  several  remains  of 
antique  art,  particularly  on  cut  stones.  In  Christian  anti- 
quity, and  throughout  the  middle  ages,  from  Basil  the  Great 
to  Thomas  Aquinas  and  Petrus  Alliacus,  we  find  frequent 
allusions, — most  often,  however,  in  terms  of  censure,— to 
this  idea  of  the  Harmony  of  the  Spheres  (***). 

All  the  Pythagorean  and  Platonistic  views  of  the  Uni- 
verse, both  the  geometric  and  the  musical,  re-awoke  at  the 
end  of  the  sixteenth  century  in  the  imaginative  Kepler. 
He  built  up  the  planetary  system,  first  in  the  Mysterinm 
cosmographicum,  on  the  basis  of  five  regular  solids  wMdi 
could  be  placed  in  the  intervals   between  the  planetaiy 
spheres;  and  next,  in  the  Harmonice  Mundi^  according 
to  the  intervals   of  musical   notes   (^^^).      Persuaded  of 
the   conformity  to  law  of  the  relative   distances  of  the 
planets,  he  thought  to  solve  the  problem  which  he  bad 
thus  proposed  to  himself  by  a  happy  combination  of  b's 
earlier  and  his  later  views.     It  is  remarkable  that  T^dio 
de  Brahe,  who,  on  all  other  occasions,  we  find  so  rigidly 
attached  to  actual  observation,  had,  before  Kepler,  ezpiesttd 
the  opinion,  contested  by  Rothmann,  that  the  revolving  cos- 
mical  bodies  may,  by  agitating  the  celestial  air  (that  which 
we  now  call  the  ^'resisting   medium^^),  produce  musical 
sounds  (^^^).     It  appears  to  me,  however,  that  the  analogies 
between  the  relations  of  musical  tones  or  notes  and  the  dis- 
tances of  the  planets,  however  long  and  laboriously  traced 
or  sought  after  by  Kepler,  yet  in  the  mind  of  that  ingenioos 
thinker  never  passed   out  of  the  domain  of  abstracticNis. 
He,  indeed,  at  one  time  rejoices  in  having  discovered,  to 
the  greater  glory  of  the  Creator,  musical  relations  of  nu»- 
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'.  in  cosmical  rdatJom  of  space.     In  r  kind  of  poetic 
I  »pture,  he  makes  Venus,  together  with  tlie  Earthj  play 


"  Dm,"  wheu  in  aphelion,  and  "  minor,* 


"Moll," 


m  perihelion;  and  even  says  that  the  highest  tone  of 
Jupiter  and  that  of  Venus  must  unite  in  the  "  Moll,"  or 
"miflor  consonance."  But,  notwithstanding  all  these  fre- 
ipiently  employed,  and  yet  merely  figurative  or  symbohcal, 
npressions,  Kepler  says  distinctly — "  Jam  soni  in  ctelo  iinlli 
enstimt,  iiec  tam  turbulentus  est  motus,  ut  ex  attritu  autts 
cmUitis  eliciatur  stridor"  (Harmonice  Mundi,  lib.  v,  cap. 
i].  Here,  then,  is  again  mentloa  of  the  rare  and  serene 
[!Ele«tial  air  (aura  cislcstis). 

'file  comparison  of  the  intervals  between  the  planets,  with 
llio  regular  solids  wliich  he  considered  ought  to  fit  into 
those  intervals,  had  encouraged  Kepler  to  extend  his  hypo- 
liws  even  to  the  heaven  of  the  fixed  stars  ('^').  Oii  the 
iliscovery  of  Ceres  and  of  the  other  small  planets,  Kepler's 
I'jllmgorean  combinations  were  vividly  recalled  lo  recoUec- 
aon,  on  account  of  his  previously  almost  forgotten  expres- 
lons  respecting  the  probable  existence  of  a  yet  unseen 
pl&net  in  the  great  gap  between  Mars  and  Jupiter ;  (motus 
*niper  distflutiam  pone  sequi  videtur:  atque  ubi  mognus 
hiatus erat  inter  orhes,  erat  et  inter  motus), 

III  his  Introduction  to  the  Jlysterimn  cosmograpliicum, 
Sepier  says — "  I  have  become  bolder,  and  now  place  a  new 
I'lttnet  between  Jupiter  and  Mars,  as  well  as" — a  less  happy 
"lypothesis,  and  one  which  long  remained  unnoticed  (^'®) — 

ttuother  planet  between  Venus  and  Mercury  :  probably  it  is 
^he  Extraordinary  smallness  of  both  which  has  caused  them  to 
feiaaiii  nnseen"  (*'^).  Subsequently  Kepler  found  that  he  diil 
"ut  require  these  new  planets  for  the  arrangement  of  his  solar 
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system  according  to  the  properties  of  his  five  r^iilar  soKds; 
it  was  only  necessary  to  do  a  little  violence  to  the  distances 
of  the  old  planets.     ("Non  reperies  novos  et  incognitos 
Planetas,  ut  paulo  antea^  interpositos^  non  ea  mihi  probatui 
audacia ;  sed  illos  veteres  parum  admodum  luxatos"-^ 
Myst.   Cosmogr.  p*  10)*     The  intellectual  tendencies  of 
Kepler  had  so  great  an  analogy  with  those  of  the  Pythi^ 
reans^  and  still  more  with  those  manifested  in  the  Timsens 
of  Plato,  that  as  Plato  (Oratyl.  p.  409)  found  in  the  seven 
planetary  spheres  the  differences  of  colours,  as  well  as  those 
of  musical  notes,  so  Kepler  (Astron.  opt.  cap.  6,  p.  261) 
made  experiments,  in  which  he  attempted  to  imitate,  on  a 
variously  illuminated  table,  the  colours  of  the  planets.  Even 
the  great  Newton,  ever  so  faithful  to  Season,  and  so  severe 
in  all  his  inductions,  was  yet,  as  Prevost  has  already  re- 
marked, inclined  to  refer  the  dimensions  of  the  seven  coloon 
of  the  spectrum  to  the  diatonic  scale  (^^o). 

The  hypothesis  of  the  existence  of  still  unknown  members 
of  the  planetary  series  of  the  solar  system  reminds  us  of  the 
ancient  Greek  opinion  of  there  being  far  more  than  five 
planets,  that  being  only  the  number  of  those  which  had 
been  observed,  while  many  others  remained  hidden  by 
their  position,  and  the  feebleness  of  their  light.  Such  a 
statement  has  been  ascribed  in  particular  to  Artemidorus  of 
Ephesus  (*2i).  Another  ancient  Hellenic,  and  perhaps 
even  Egyptian  belief,  appears  to  have  been  *'  that  the  celes- 
tial  bodies  which  we  now  behold  have  not  all  been  always 
seen  by  man.^^  Such  a  physical,  or  rather  historical,  myth 
is  connected  with  the  particular  form  of  vain-gloriousness 
which  leads  some  nations  and  races  to  attribute  to  them<i 
selves  an  extraordinary  degree  of  antiquity.     Thus  the  pre- 
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hellcnic  Pelasgian  inhabitants  of  Arcadia  called  themselves 
"  Proselenea,"  because  they  boasted  of  having  come  into 
the  country  before  the  Moon  acconapanied  the  Earth.  Pre- 
lielleiiic  and  pre-lunar  were  sjDonjmous,  The  appearance 
of  a  heavenly  body  was  described  as  a  celestial  event,  as 
Deucalion's  flood  was  a  terrestrial  event.  Apuleius  (Apo- 
logia, Vol.  ii,  p.  494,  ed.  Oudendorp ;  Kosmos,  Bd.  ii.  S. 
439,  Anm.  53;  Eng.  ed.  p.  Ivii.  Note  293)  made  Deuca- 
lion's flood  extend  to  the  Gtetulian  Mountains  of  Northern 
Africa.  In  Apollonins  Ehodina — who,  according  to  the 
favourite  manner  of  Alexandrian  writers,  delighted  in  imi- 
tating ancient  modes  of  speech — it  is  said  of  the  early 
settlement  of  the  Egyptians  in  the  valley  of  the  Nile — "  As 
yet  not  all  the  heavenly  bodies  journeyed  over  the  celestial 
vault ;  the  children  of  Danaus  had  not  yet  appeared,  nor 
Deucalion's  race"  (*^*).  This  important  passage  elucidates 
the  boast  of  the  Pelasgic  Arcadians, 

I  conclude  these  considerations  respecting  the  distances 
and  dimensions  of  the  planets,  with  what  has  been  termed  a 
law,  altliough  it  does  not  indeed  deserve  the  name,  and 
which  Lalande  and  Delambre  have  called  a  play  upon  num- 
bers, and  others  a  mnemonic  contrivance,  or  help  to  the 
memory.  Our  meritorious  Berlin  astronomer,  Bode,  had 
been  much  occupied  with  this  subject,  especially  at  the  time 
of  the  discovery  of  Ceres  by  Piazzi,  which  discovery,  it 
should  be  remembered,  was  in  no  way  efl'ected  by  means  of 
this  supposed  law,  but  was  rather  occasioned  by  an  error  of 
the  press  in  Wollaston's  star- catalogue.  If  the  discovery 
were  to  be  regarded  as  the  fulfilment  of  a  prophecy,  then 
Kepler's  prediction,  spoken  of  above,  which  is  more  than  a 
century  and  a  half  antecedent  to  Titius  and  Bode,  ought 
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not  to  be  forgotten.     Although,  in  his  popular  and  highlj 
useful   "  Introduction   to  the  Knowledge  of  the  Starry 
Heavens/'  Bode  had  himself  said  distinctly  that  he  had  taken 
the  law  of  the  distances  from  a  translation  of  Bonnet's 
"Contemplation  de  la  Nature^'  made  by  Professor  Titiusal 
Wittenberg^  yet  it  has  been  commonly  called  Bode^s  law, 
and  the  name  of  Titius  has  been  seldom  mentioned  in  con- 
nection with  it.     In  a  note  appended  by  the  latter  to  the 
chapter  on  the  Structure  of  the  Universe  (*^),  he  says — ^"H 
we  examine  the  distances  of  the  planets,  we  find  in  almost  alia 
proportion  between  their  distances  apart  and  the  incarease  of 
their  corporeal  magnitudes.     If  the  distance  from  the  Son 
to  Saturn  gives  100  parts,  then  Mercury  is  distant  4  sndi 
parts  from  the  Sun,  Yenus  4  +  3=^7  parts  from  the  STm,. 
the  Earth  4 +  6=:=  10,  Mars  4  +  12=16.     But  fromMais 
to  Jupiter  we  come  to    a  departure  from  this  pn^res- 
sion  previously  so  exact  (!).     Beyond  Mars  there  follows 
a  space  of  4  +  24=28  such  parts;    but  here  we   find 
neither  primary  planet  nor  satellite.     Can  we  suppose  that 
the  Great  Architect  has  left  this  space  void  ?    We  must 
not  doubt  that  it  is  occupied ;  it  may  be  by  the  hitherto 
undiscovered  satellites   of  Mars,  or  perhaps  Jupiter  may 
have  additional  satellites  that  have  never  yet  been  seen  by 
any  telescope.     From  this  unknown  interval  (unknown  as  to 
that  whic^  occupies  it)  the  space  to  Jupiter  is  4  +  48=52. 
Then  follows  Saturn  at  the  solar  distance  of  4  +  96=100 
parts — an  admirable  proportion/^     Titius,   therefore,  was 
inclined  to  occupy  the  interval  between  Mars  and  Jupita 
not  with  the  one,  but  (as  is  actually  the  case)  with  several 
bodies ;  but  he  conjectured  them  to  be  satellites,  not  planets. 
It  is  nowhere  said  how  the  translator  and  commentator  of 
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Bonnet  arrived  at  the  nomber  4  for  the  orbit  of  Mercury. 
Perhaps  he  only  selected  it  in  order  to  have  for  Saturu, 
which  was  then  the  most  distant  known  planet  {its  distance 
is  9-5,  therefore  nearly  lO'O),  exactly  100  parts  in  connec- 
tion with  the  easily  divisible  nombers  96,  48,  24,  &c.  This 
is  more  probable  than  that  he  should  have  made  the  series 
Ijy  beginning  with  the  nearer  planets.  Even  in  the  last 
century,  this  law  of  doubling,  beginning  not  from  the  Sun 
but  from  Mercury,  could  not  be  affirmed  to  agree  sufficiently 
with  the  true  distances  of  tlie  planets  as  then  known  to  os. 
The  distances  of  Jupiter,  Saturn,  and  Uraiins,  do  indeol  io 
-*eality  approach  very  nearly  to  the  rate  of  doubling ;  but 
idiice  the  discovery  of  Neptune,  which  is  much  too  near  to 
rtJrannsj  the  defect  of  the  progression  has  become  strikingly 
tobviona  {^^). 

i  What  has  been  called  the  law  of  Vicarius  "Wurm  of 
Xeonbei^,  and  has  been  sometimes  distinguished  from  that 
jof  Titius  and  Bode,  is  a  simple  correction  of  the  latter  law, 
l^iplied  by  "Wurm  to  the  sokr  distance  of  Mercury  and  to 
fte  difference  between  the  solar  distances  of  Mercury  and 
^enus.  With  a  nearer  approiimation  to  the  truth,  he 
taiakes  the  solar  distance  of  Mercury  387,  and  that  of  "Venus 
fiSO,  the  Earth  being  1000  ("S).  On  the  occasion  of  the 
discovery  of  Pallas  by  Olbers,  Gauss,  in  a  letter  to  Zach 
'(Oct.  ia02),  already  passed  a  Etriking  and  just  sentence  on 
file  so-called  law  of  distances.  He  says — "  Contrary  to  the 
nature  of  all  truths  which  deserve  the  name  of  laws,  that 
tt  Titius  applies  only  in  a  very  cursory  manner  to  most  of 
the  planets,  and  {which  does  not  appear  to  have  been  before 
Kmarked)  not  at  ai\  to  Mercury,  It  is  clear  that  the  series 
1^4  +  3,  4  +  6,  4  +  ia,  4  +  24,  4  +  48,  4  +  96,  4  +  L92, 
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with  which  the  distances  should  agree^  is  not  even  a  conti 
nuous  series  at  all.     The  number  preceding  4  +  3  ough 
to  be  not  4 — ».  e.  4  +  0 — but  4  +  1  J.     So  between  4  anc:;; 
4  +  3  there  should  be  an  indefinite  number  of  intermediat.^, 
quantities ;  or,  as  Wurm  expresses  it,  for  n=  1  the  result  c^j 
4  +  3  X  2°"2  is  not  4,  but  5  J.     Attempts  to  discover  suoA 
approximate  agreements  in  Nature  are,  however,  by  no 
means  to  be  censured ;  the  greatest  men  of  all  periods  bare 
been  fond  of  such  lusus  ingenii/' 

5.  Masses  of  the  Planets. — The  masses  of  the  planets 
are  investigated  by  means  of  their  satellites  (where  such 
exist),  of  their  mutual  perturbations,  or  of  the  effects  snf* 
fered  or  produced  by  a  comet  of  short  period.  Thus  in 
1841  Encke  determined,  from  the  perturbations  undergone 
by  the  comet  which  bears  his  name,  the  previously  unknown 
mass  of  Mercury.  The  same  comet  affords  a  prospect  of 
future  corrections  for  the  mass  of  Venus.  The  perturba- 
tions of  Vesta  are  made  use  of  for  Jupiter.  The  mass  of 
the  Sun  being  taken  as  unity,  we  have  (according  to  Encke's 
fourth  memoir  on  the  comet  of  Pons,  in  the  "  Schriften  der 
Berliner  Akademie  der  Wissenschaften'^  fur  1842,  S.  5) : — 


Mercury 

Venus  .  .  .  . 
Earth  •  .  .  » 
Earth  and  Moon  together 
Mars  •  .  •  » 
Jupiter  with  his  satellites  • 
Saturn  .  .  .  . 
Uranus  •  •  •  . 
Neptune         • 


I 

4  0  1  d  3'  d' 

3i  9i 41 


1 

1  0  4  7  -"ft  7  0 

1 
3  5  0  1  '6 


TTS-qT 


I 

T4TTB* 
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Still  lai^er^  although  remarkably  near  to  the  truths  was 

the  mass  (-jraVr)  deduced  for  Neptune  by  Le  Verrier  from 

his  ingenious  calculations  previous  to  the  actual  discovery 

of  the  planet  by  Oalle.    The  following  is  the  arrangement 

of  the  planets  according  to  their  masses,  beginning  with  the 

least  (omitting  the  smaller  planets,  Ceres,  Pallas,  Juno,  &c.), 

and  proceeding  in  increasing  order  : — Mercury,  Mars,  Yenus, 

Earth,  Uranus,  Neptune,  Saturn,  and  Jupiter. 

It  will  be  seen  that  this  order  of  succession  (as  in  the 
case  of  the  volumes  and  densities)  is  by  no  mean^  identical 
vith  that  of  the  distances  from  the  central  body. 

6.  Density  of  the  Planets. — Employing  the  previously 
^ven volumes  and  masses,  we  obtain  for  the  densities  of  the 
planets  (taking  respectively  the  densities  of  the  Earth  and 
that  of  Water  as  unity)  the  following  numerical  ratios : — 


Planets. 

Batio  to  the  density 
of  the  Earth. 

Batio  to  the  denflity 
of  Water. 

Mercury     . 
Whs    . 
Banh    .    , 

HitOT  .    , 
^tum  .    , 

^cptune 

1-234 
0-940 
1-000 
0-968 
0-243 
0-140 
0-178 
0-230 

6-71 
511 
5-44 
6-21 
1-32 
0-76 
0-97 
1-26 

In  the  above  table  the  comparison  of  the  densities  of  the 
Cerent  planets  with  that  of  water  is  based  on  the  density 
^'  our  own  globe.  This  was  given  by  Eeich's  experiments 
^ti  the  torsion-balance  made  at  Freiberg,  5*4383 ;  the 
logons  earlier  experiments  of  Cavendish  give,  according 
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to  the  more  exact  re-calculation  of  Francis  Bailj^  the  yrer^ 
similar  result  of  5'448,  and  Bafly's  own  experiments  5'66ft 
We  see  that  the  density  of  Mercury,  according  to  Enctel? 
determination  of  its  mass^  is  near  that  of  the  other  planets 
of  medium  magnitude. 

The  above  table  reminds  us  again  of  the  division^  to  whicb 
I  have  already  repeatedly  alluded,  of  the  planets  into  two 
groups  separated  from  each  other  by  the  zone  of  the  small 
planets.     The  differences  between  the  densities  of  Mars, 
Venus,  the  Earth,  and  even  Mercury,  are  very  small,  and 
there  is  nearly  as  great  a  similarity  between  those  of  the  faf 
less  dense  remoter  planets — Jupiter,  Neptune,  Uranus,  and 
Saturn.    The  density  of  the  Sun  (0-252),  that  of  the  Earth 
being  taken  as  =1  (1'87,  therefore,  when  Water  is  taken 
as  ==1)  is  a  little  greater  than  the  densities  of  Jupiter  and 
Neptune.     The  following  is  the  order  of  succession  of  the 
sun  and  planets  arranged  according  to  increasing  density 
(526) . — Saturn,  Uranus,  Neptune,   Jupiter,   Sun,  YenuSj 
Mars,  Earth,  Mercury. 

Although  the  densest  planets  are,  on  *  the  whole,  those 
nearest  to  the  sun,  yet,  taken  individually,  the  densities  oi 
the  several  planets  are  by  no  means  proportional  to  theil 
solar  distances,  as  Newton  was  inclined  to  assume  (^^7). 

7.  Sidereal  period  of  revolution  and  rotation  roufui 
the  axis. — We  shall  content  ourselves  here  with  giving  the 
sidereal,  or  true  periods  of  revolution  of  the  planets  in  rela- 
tion to  the  fixed  stars  or  to  some  particular  point  in  tie 
heavens.     In  the  interval  of  time  occupied  by  such  a  revo- 
lution the  planet  performs  360  complete  degrees  round  the 
sun.     The  sidereal  revolutions  are  very  distinct  from  the 
tropical  and  synodical,  of  which  the  former  relate  to  thq 
return  of  the  vernal  equinox,  and  the  latter  to  the  difference 
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>f  time  between  two  saccessive  conjanctions  or  oppositions. 


Planets. 


Sidfireel  periods  of  rero- 
lution. 


Moruury  • 
Yenns  . 
Earth  . 
Mars . 
Japiter  . 
Satom  . 
UianTiB  . 
Aeptuno* 


days. 

87-96928 

224-70078 

865-25687 

686-97964i 

4332-58480 

10759-21981 

80686-82051 

60126-7 


Botatdon. 


d.      h. 


m. 


s. 


0 

0 
0 


23 
0 
9 

10 


56 
87 
55 
29 


4 
20 
27 
17 


In  another^  and  perhaps  still  more  readily  intelligible 
fwm,  the  true  periods  of  revolution  are — 


Days. 

Hours. 

Minntes. 

Seconds. 

Mercury 

87 

23 

IS 

46 

Venus 

224 

16 

49 

7 

Earth 

365 

6 

9 

10-7496 

hom  the  last-named  of  these  periods  (that  of  the  Earth) 
the  tropical  period  of  revolution,  or  the  length  of  the  solar 
year,  is  found  to  be  365-24222,  or  365^  5^  48^  47«-8091 : 
hy  the  effect  of  the  precession  of  the  equinoxes  the  length 
of  the  solar  year  becomes  0^*595  shorter  in  the  course  of 
100  years : — 


Years. 

Days. 

Hoars. 

Minntes. 

Seconds. 

Mars 

1 

321 

17 

30 

41 

Jupiter 

11 

314 

20 

2 

7 

Saturn 

29 

166 

23 

16 

32 

Uranus 

84 

5 

19 

41 

36 

Neptune 

164 

225 

17 
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The  rotation  is  most  rapid  in  the  very  large  exterioi 
planets  which  have  long  periods  of  revolution,  and  slower 
in  the  smaller  planets  which  are  nearer  to  the  son.  The 
period  of  revolution  varies  considerably  in  the  asteroids,  or 
small  planets  between  Mars  and  Jupiter,  and  will  be  stated 
subsequently  in  the  account  given  of  each ;  it  is  sufficient 
at  present  to  remark  that  it  is  longest  in  Hygeia  and 
shortest  in  Flora. 

8.  Inclination  of  the  j)lanetary  orbits  and  axes  of 
rotation. — ^Next  to  the  masses  of  the  planets  the  indina- 
tion  and  excentricity  of  their  orbits  are  among  the  most 
important  elements  on  which  the  perturbations  depend. 
Their  comparison  in  the  several  series  of  the  inner,  the  small 
middle,  and  the  outer  planets  (from  Mercury  to  Mars,  &om 
Flora  to  Hygeia,  and  from  Jupiter  to  Neptune),  presents 
similarities  and  contrasts  which  lead  to  considerations  re- 
specting tlie  formation  of  these  bodies,  and  their  secular 
variations  or  changes  connected  with  long  periods  of  time. 
The  planets  which  revolve  in  such  different  elliptic  orbits 
are  all  situated  in  different  planes.  In  order  to  render  a 
numerical  comparison  possible  they  are  referred  to  a  fun4i» 
mental  plane,  eitlier  fixed,  or  moveable  according  to  a  given 
law.  It  is  considered  most  convenient  to  take  for  tins 
plane  either  the  ecliptic  (the  path  which  the  Earth  reallj 
passes  over),  or  the  equator  of  the  terrestrial  spheroid. 
In  addition  to  these  planes,  the  subjoined  table  contains  tlie 
inclinations  of  the  axes  of  rotation  of  the  planets  to  thdr 
own  orbits,  so  far  as  these  are  known  on  the  evidence  of 
tolerably  secure  investigation : — 
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Tui-linatinn  of 

Incnuation  of 

IncIinBtion  of 

^i». 

fte  PhneUry 

Iho  PknetQt7 

the  Aies  of  tho 

OrbitB  to 

OrbitB  to  the 

Phmets  to 

tlie  Hectic, 

Earth's  Equator. 

their  Orbits. 

r  (f    s".9 

28°  45'      8" 

1 

; 

3    23     2S  '6 

24     33     21 

fc 

0      0       0 

23    a?    54.8 

66°      32 

1. 

1    Bl       S  ^ 

24    44    S4 

61       18 

1    18     61  .6 
a    29     35  .9 

0  46     2B  -0 

1  *7 

23     IS     28 

22  38    44 

23  41    %i 
22     21 

86       54 

[amall  planets  have  been  omitted,  because  they  will  be 
I  subsequently  as  a  detached  group.  With  the  excep- 
[  Mercury,  wltich  is  situated  so  near  tlie  sun,  and  the 
Kon  of  whose  orbit  to  the  ecliptic  (7°  0'  6"'9)  is  very 
fUie  same  as  that  of  tlie  suu's  equator  7°  30'),  we  see 
be  inclinations  of  the  other  seven  planetary  orbits 
B  between  0J°  and  3|°.  In  respect  to  the  position 
i  planet's  axis  of  rotation  relatively  to  its  own  orbit, 
qiiteT  which  approaches  most  nearly  to  the  estreme 
I  perpendicularity.  In  Uranus,  on  the  other  hand, 
be  by  the  inclination  of  the  paths  of  the  satelhtes,  the 
botati<Hi  of  the  planet  almost  coincides  with  the  plane 

kit. 

I  is  on  the  inclination  of  the  Earth's  axis  to  the  plane 
kbit,  therefore  on  the  obliquity  of  the  ecliptic  (i.  e.  on 
ee  which  the  apparent  path  of  the  sun  makes  at  its 
btion  with  the  terrestrial  equator,)  that  the  diatribu- 
id  duration  of  the  seasons,  the  altitudes  of  the  sun  in 
kIbSj  and  the  length  of  the  day  depend;  so 


supposing  the  terrestrial  equator  to  be  perpendicula 
Earth's  orbit^  every  place  on  the  Earth  would  ono 
have  the  sun  in  its  zenith^  even  under  the  poles^  ai 
longer  or  shorter  time  would  not  see  the  sun  rise.  ■  Und 
latitude  the  diiference  of  summer  and  winter  (as  w 
the  length  of  day)  would  reach  the  maximum  of  c 
In  every  part  of  the  Earth  the  climates  would  h 
highest  degree  of  the  description  which  we  call ''  exo 
their  extreme  character  would  be  only  very  slightly  i 
by  the  extraordinarily  complicated  series  of  rapidly  c 
currents  of  air  which  would  be  produced.  In  thiE 
case,  that  of  the  obliquity  of  the  ecliptic  being  null,  oi 
restrial  equator  coinciding  with  the  ecliptic,  the  diffc 
seasons  and  of  length  of  day  would  everywhere  cease, 
the  sun's  apparent  course  would  be  uninterrupted] 
equinoctial  line.  The  inhabitants  of  the  poles  wou 
cease  to  see  the  sun  on  the  horizon.  '^The  meai 
temperature  of  any  point  on  the  Earth's  surface  wc 
be  that  of  each  day  in  the  year  at  the  same  plao 
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to  tiie  always  equable,  but  by  no  means  desirable  or  agreea- 
ble, "vernal  climate"  which  prevails  under  the  equator  on 
Ihe  clwin  of  the  Andes  near  the  limits  of  perpetual  snow, 
and  from  which  I  suffered  much  ou  the  desert  mountain 
jiliiins— the  Paramos  (^'^^) — at  elevations  between  ten  and 
twelve  thousand  French,  or  about  eleven  and  thirteen  tliou- 
(snd  English  feet,  above  the  sea.  The  lemperatuie  of  the 
tir  ill  these  re-gions  always  oscillates  in  the  day-time  between 
i^°  and  9°  Ecaumur,  or  42°  and  52°  Fahrenheit. 

The  ancient  Greeks  were  much  occupied  with  rough  mea- 
surements of  the  obhquify  of  the  eclipticj  and  with  conjec- 
tures respecting  its  variability,  and  respecting  H^e  influence 
of  the  inclination  of  the  terrestrial  axis  on  climate,  and  on 
the  luxuriance  of  organic  development.  These  speculations 
were  more  especially  pursued  by  Anaxagoras,  by  tlie  Pytha- 
gorean school,  and  by  tEuopides  of  Cliios.  The  passages 
"hich  illustrate  them,  so  far  as  they  have  come  down  to  us, 
we  indeed  scanty  and  vague ;  but  they  enable  us  to  perceive 
that  the  development  of  organic  life,  and  the  first  appearance 
of  animals,  were  imagined  to  have  been  cotemporaneous  with 
ilie  epoch  at  which  the  terrestrial  axis  began  to  incline,  which 
iucKiiation  also  altered  the  habitability  of  the  planet  in  par- 
ticular zones.  According  to  Plutarch  {de  Plac.  PhOos.,  ii. 
8),  Anaxagoras  believed  "that  the  World,  after  it  had 
began  and  had  brought  forth  hving  btinga  from  its  bosom, 
•pontaneously  inclined  itself  towards  the  noou  or  southern 
side,"  To  the  same  effect,  Diogenes  Laertius  (ii.  9)  says, 
'hen  speaking  of  the  opinions  of  the  Clazomeniau  philoso- 
plitT — "The  stars  had  first  hefjun  to  revolve,  as  it  were, 
found  a  dome,  so  that  what  appeared  the  pole  was  vertically 
>bove  the  Earth;  but  subsequently  they  assumed  an  oblique 
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directioii.'^  The  obliquity  of  the  ecliptic  was  regarded  as  a 
cosmical  event,  an  alteration  which  took  place  suddenly  no 
allusion  was  made  to  a  subsequent  progressive  change. 

The  description  of  the  two  extreme  or  opposite  cases,  to 
which  the  planets  Uranus  and  Jupiter  approximate  most 
nearly,  is  suited  to  remind  us  of  the  alterations  which  the 
increasing  or  decreasing  obliquity  of  the  ecliptic  would  pro- 
duce in  the  meteorological  relations  of  our  planet,  and  in  the 
development  of  organic  forms,  if  tliis  increase  and  decrease 
were  not  restricted  within  very  narrow  limits.  The  recog- 
nition of  these  limits  has  been  the  object  of  the  great 
labours  of  Leonhard  Euler,  Lagrange,  and  Laplace,  and 
may  be  regarded  as  one  of  the  most  briUiant  achievementa 
of  theoretical  astronomy  in  modern  times,  and  of  the  d^ree 
of  perfection  to  which  the  higher  analysis  has  been  brought 
The  limits  in  question  are  indeed  so  narrow,  that  Laplao^ 
in  the  Exposition,  du  Systeme  du  Monde,  ed.  1824,  p.  303, 
stated  that  the  obliquity  of  the  ecliptic  only  oscillates  1^°oq 
either  side  of  its  mean  position.  This  is  equivalent  to  saying  that 
the  torrid  zone,  or  the  tropic  of  Cancer,  which  is  its  northern 
boundary,  can  only  approach  by  that  quantity  nearer  to  the 
part  of  the  Earth  in  which  we  live  (^^oj^  or  that,  leaving  out 
of  view  the  eflfects  of  the  many  other  causes  of  meteorological, 
perturbations,  Berlin  might  be  gradually  transferred  fromita 
present  isothermal  line  to  that  of  Prague.  The  implied  ele- 
vation of  the  mean  annual  temperature  would  hardly  be 
more  than  one  degree  of  the  centigrade  thermometer  (1*8° 
Fah.)  (531J,  £iot,  though  also  believing  the  variations  of 
the  obliquity  of  the  ecliptic  to  be  restricted  within  narrof 
limits,  yet  deems  it  more  advisable  not  to  attempt  at  present 
to  assign  to  them  definite  numerical  values.    He  says — "l-'^ 
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(li[niiiution  leute  et  s^culaire  de  I'obliquil^  de  lYclipHque 
olTre  des  HMs  alternntifs  qui  prodiiiseiit  une  oscilktion  tter- 
uetle  comprise  entre  des  limites  fixes.  La  Iheorie  n'a  paa 
moK  pu  parvenir  b.  determiner  ees  limites ;  mais  d'apr^s 
!a  constitution  du  syst6me  plati^taire,  elle  a  demontr^ 
qn'elles  existent  et  qu'elles  sont  tresjieu  itenditen.  Ainsi  & 
He  Considerer  que  le  seul  effet  dea  causes  constantcs  qui 
sgissent  actuellement  sur  le  systCme  du  monde,  on  peut 
afflrmer  que  le  plan  de  recliptiqiie  n'a  jninais  eoincidi 
^ne coincidera jamais  av^c  le  plan  de  Tequateur,  pli6- 
nomfine  qui,  s'i!  nrrivait,  produirait  eur  la  torre  le  (pr6- 
tendol)  printemps  perp^tutl"  (Biot,  Trait^  d'Astronomie 
Ptjaique,  3me  6d.  1847,  T.  iv.  p.  01). 

White  the  Nutation  of  the  terrestrial  axia  diaeoTered  by 
Bmdiey  depends  solely  upon  the  influence  of  the  Smi  and 
the  Earth's  own  satellite  upon  the  compressed  form  of  our 
pluiet  at  its  poles,  the  increase  and  decrease  of  the  ob- 
liquity of  the  ecliptic  is  a  consequence  of  llie  varying  posi- 
tiuna  of  all  the  planets.  These  are  at  present  so  distributed 
that  theit  joint  action  on  the  Earth's  path  or  orbit  produces 
» diminution  of  the  obliquity,  which  diminution  amounts  at 
tlie  present  time,  according  to  Beasel,  to  0"'457  ftimually. 
Uler  the  lapse  of  several  thousand  years  the  places  of  the 
fWietary  orbits  and  their  nodes  (points  of  intersection  on 
toe  ecliptic)  will  be  so  different  that  the  advance,  or  prccos^ 
Bon,of  the  equinoxes  will  be  changed  into  a  retrogression,  and 
tictehy  produce  an  increase  of  the  obliquity  of  the  ecliptic. 
Tlieory  teaches  that  this  increase  and  decrease  occupy  periods 
ol  very  unequal  duration.  Tlie  oldest  astninomical  obser- 
"Miona  wbicli  have  beeu  preserved  to  us  witli  exact  imme- 
nctd  data  extend  back  to  the  year  llOls.c,  and  testify  the 
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high  autiquitj  of  Chinese  civilisation.  There  are  remaiAB 
of  Chinese  literature  scarcely  a  century  less  ancient ;  and  i 
regular  historic  chronology  reaches  back  (according  to 
Edouard  Biot)  to  2700  years  before  our  era  (^^2),  Under 
the  Eegency  of  Tscheu-kung,  brother  of  Wu-wang,  tk 
length  of  the  sun\s  meridian  shadow  {^^)  was  measured  it 
the  summer  and  winter  solstice^  with  an  8-foot  gnomon^  at 
the  town  of  Lo-jang,  to  the  south  of  the  Yellow  Biver,  in 
latitude  S4P  46'  (the  present  name  of  the  town  is  Ho-naDg- 
fu^  in  the  Province  of  Ho-nan.)  These  measuremeati 
gave  the  obliquity  of  the  ecliptic  28°  54' ;  being  27'  greater 
than  it  was  in  1850.  The  observations  of  Pytheas  and 
Eratosthenes  at  Marseilles  and  Alexandria  are  six  and  se?e& 
centuries  later.  We  possess  four  results  respecting  the 
amount  of  the  obliquity  of  the  ecliptic  previous  to  our  era, 
and  seven  results  intermediate  between  that  period  and 
Ulugh  Beg*s  observations  at  the  Observatory  of  Samarcand. 
The  theory  of  Laplace  agrees  admirably,  having  differenoei 
which  are  sometimes  plus  and  sometimes  minus,  with  the 
observations  extending  over  a  period  of  almost  8000  years. 
We  are  more  fortunate  in  the  knowledge  of  the  early  Chinese 
measurements  of  the  length  of  the  solar  shadow,  as  the 
writing  containing  the  account  escaped,  we  know  not  ho? 
or  why,  from  the  great  destruction  of  books  which  took 
place  from  motives  of  fanaticism,  by  the  orders  of  the  Emperor 
Shi-hoang-ti  of  the  Tsin  dynasty,  246  years  before  our  era. 
As,  according  to  the  researches  of  Lepsius,  the  commence- 
ment of  the  4th  Egyptian  dynasty,  which  began  with  tiw 
reigns  of  the  pyramid -building  kings,  Chufu,  Shafra,  and 
Menkera,  was  28  centuries  anterior  to  the  solstitial  obse^ 
vation  at  Lo-jang,  we  may  assume  with  very  great  probabi- 
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%— seeing  the  high  degree  of  intellectual  cultivation  of 
tile  Egyptian  nation,  and  its  early  coustructioii  of  calendars 
— ihat  similar  measurements  had  been  made  at  least  as  earlj 
in  the  Valley  of  the  NUe;  but  none  such  have  come 
down  to  us.  Even  the  Peruvians — although  thej  had  made 
less  advances  than  the  Mesicans  and  the  Mujscas  tinhabi- 
tanla  of  the  mountains  of  New  Gxanada)  in  the  improve- 
nent  of  calendars  and  intercalation — had  gnomons  in  nliich 
Ik  style  was  surrounded  by  a  circle  drawn  upon  a  very  even 
surface.  These  gnomons  were  placed  in  the  interior  of  the 
great  temple  of  the  Sun  at  Cuzco,  as  well  as  in  many  other 
parts  of  the  Peruvian  empire :  the  one  at  Quito,  situated 
almost  directly  under  the  equator,  used  to  be  decorated  with 
flowers  at  festivals  held  at  the  equinoxes,  and  was  regarded 
with  particular  honour  (^^). 

9.  Excentrkiiy  of  the  planetary  orbits. — The  form  of 
the  elliptic  orbits  is  determined  by  the  greater  or  less  dis- 
tsnoe  of  the  two  foci  from  the  centre  of  the  eUipse.  This 
dialance — or  the  degree  of  excentricity  of  the  planetary 
otbils  expressed  in  parts  of  their  semi-axes — varies  from 
0'006  in  "Venus  (differing,  therefore,  very  little  from  a  circle) 
ind  0076  in  Ceres,  to  0'205  in  Mercury  and  0-255  in 
Juno.  The  least  excentric  orbits  are  successively  those  of 
^enua,  Neptune,  and  the  Earth,  the  last  of  which  is  now 
diminishing  at  the  rate  of  0'00004299  in  a  hundred  years, 
"iiile  the  minor  axis  is  increasing;  then  follow  Uranus, 
Ji-pilcr,  Saturn,  Ceres,  Egeria  Vesta,  and  Mars.  The  most 
acentric  orbits  are  those  of  Juno  (()-255),  PbUbs  (O'230), 
Ifis  {0-232),  Victoria  (0-217),  Mercury  (0-205),  and  Hebe 
[0*202).  In  some  planets — as  Mercury,  Mara,  and  Jupiter 
^-the  excentricitiea   are  increasing;    while  in  others — aa 
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Venus,  the  Earth,  Saturn,  and  JJranus — ^they  are  decreasing. 
The  following  table  gives  the  excentricities  of  the  larger 
planets  according  to  Hansen  for  the  year  1800 ;  the  exeen- 
tricities  of  the  14  small  planets  will  be  given  subsequentlj, 
together  with  the  other  elements  of  their  orbits,  for  the 
middle  of  the  19th  century  i — 


Mercury 

.     0-2056163 

Venus 

,     0-0068618 

Earth  . 

.     00167922 

Mars  . 

,     0-0982168 

Jupiter 

.     00481621 

Saturn 

.     00561505 

Uranus 

.     0-0466108 

Neptune 

.     0-0087195 

The  movement  of  the  major  axis  (line  of  the  apsidn) 
in  planetary  orbits,  whereby  the  place  of  the  perihelion  ii 
altered,  takes  place  always  in  one  direction.  It  is  a  change 
in  the  position  of  the  line  of  the  apsides  which  would 
require  more  than  a  hundred  thousand  years  to  complete  ite 
cycle,  and  is  to  be  thoroughly  distinguished  fix)m  the 
changes  of  form  or  of  eUipticity  suffered  by  the  orbits.  The 
question  has  been  mooted  whether,  in  the  course  of  severd 
thousand  years,  the  increasing  value  of  this  element  could 
modify  in  a  considerable  degree  the  temperature  of  the 
Earth,  in  respect  to  its  amount  and  distribution  in  tiie 
different  parts  of  the  day  and  of  the  year?  Whetiier 
there  might  not  be  found  in  these  regularly  and  continuallj 
acting  astronomical  causes  a  partial  solution  of  the  great  geo- 
logical problem  of  the  remains  of  tropical  vegetable  and  ani- 
jnal  forms  in  the  present  cold  zone  P   The  same  mathematical 


JtasoDings  which  have  excited  apprehensions,  in  respect  to 
tiie  position  of  the  apsides, — the  form  of  the  planetary  ellip- 
tical orbits  (according  as  they  approximate  to  a  circle  on  the 
liiind,  or  to  a  comet-like  degree  of  exceiitricity  on  the 
nfher), — the  inclination  of  the  ases  of  the  planets, — the  vfiria- 
tionof  the  obliquity  of  the  Ecliptic, — or  the  influence  of  the 
precession  of  the  equinoxes  on  the  length  of  the  year, — also 
iSbtd,  when  carried  to  a  higher  degree  of  analytical  deve- 
lopraent,  cosmical  grounds  which  counterbalance  such  appre- 
OMsions.  The  major  ases  and  the  masses  are  constant. 
ftriodical  return  prevents  the  indefinit«  accretion  of  parti- 
wlar  perturbations.  The  excentricities  of  the  two  greatest 
planets,  Jupiter  and  Saturn,  besides  being  in  themselves 
Krj  moderate  in  amount,  undergo,  by  reason  of  a  reci- 
JWcal  and  compensating  influence,  alternate  increase  and 
(Bcrease,  which  are  restricted  within  known  and  determinate 
"id  generally  narrow  limits. 

By  the  alteration  in  the  position  of  the  line  of  the  apsides 
■C''),  tlie  point  at  which  the  Earth  is  nearest  to  the  Sun 
3  gradually  to  change  towards  the  opposite  period  of 
lie  year.  If  at  present  the  perihelion  falls  in  the  beginning 
^rf  January,  and  the  aphelion  six  months  later,  or  in  the 
banning  of  July,  the  progressive  change  of  position,  or 
turning  movementj  of  tlie  line  of  the  apsides  or  major  axis 
H  the  Earth's  orbit,  may  cause  the  aphehon,  or  m9.ximum 
tfatance  of  the  Earth  from  the  Sun,  to  fall  in  those  months 
rtich  form  the  winter  of  the  northern  hemisphere,  and  the 
perihelion,  or  minimum  distance,  in  our  summer;  so  that 
nJanuaiytbeEarth  would  be  700000  German,  or  2800000 
wigliah,  geographical  miles  (about  -jijith  of  the  mean  distance 
iVtween  the  two  bodies)  farther  from  the  Sun  than  in  July, 
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which  is  the  converse  of  what  now  takes  place.     At  first  aght 
it  might  seem  as  if  the  transference  of  the  period  of  the 
greatest  proximity  of  the  Earth  to  the  Son  to  the  opposite 
season  of  the  year  (to  our  summer  instead  of  our  winta) 
must  produce  great  climatic  alterations ;  but^  in  fact,  sup- 
posing such  a  transference  to  have  been  efPected^  it  would 
follow  that  the  Sun  would  no  longer  linger  for  seven  addi- 
tional days  in  the  northern  hemisphere,  and  would  no  longer, 
as  at  present,  pass  through  the  portion  of  the  Ecliptic  fiom 
the  autumnal  to  the  vernal  equinox  in  a  space  of  time  shorter 
by  a  week  than  that  which  it  requires  for  traversingthe  other 
half  of  its  path,  or  from  the  vernal  to  the  autumnal  equinox. 
The  difiFerence  of  temperature  (we  here  regard,  exclusivdy, 
astronomical  climates,  setting  aside  all  physical  considera- 
tions respecting  the  relative  proportions  of  sea  and  land  in 
the   different  parts   of   the   surface    of    our    globe)— the 
difference   of  temperature,   I   say,   apprehended   as  liable 
to  ensue  from  a  change  of  the  line  of  the  apsides,  would 
disappear  almost  entirely,  from  the  counterbalancing  cir- 
cumstance, that  the  point  at  which  our  planet  is  nearest  to 
the  Sun  is  at  the  same  time  always  that  at  which  it  moves 
most  rapidly  (^36).     The   fine  theorem   first  enounced  by 
Lambert  (^^yj^  according  to  which  the  quantity  of  heat  which 
the  Earth  receives  from  the  Sun  in  each  part  of  the  year  is 
proportional  to  the  angle  described  in  the  same  interval  of 
time  by  the  radius  vector  of  the  Sun,  contains  within  itself, 
to  a  certain  degree,  a  satisfactory  reply  to  the  supposition  of 
great  climatic  change. 

We  have  said  that  the  altered  direction  of  the  line  of  the 
apsides  can  exert  but  little  influence  on  the  temperature  of 
the  globe ;  and  it  may  be  added  that,  according  to  Awgo 
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md  Poisson  (^^),  the  probable  alterations  of  the  ellipse 

ioiined  by  the  Earth^s  path  are  comprised  within  such  narrow 

limits,  that  they  can  only  modify  the  climates  of  the  different 

tentestrial  zones  to  a  very  moderate  extent,  and,  moreover, 

very  gradually,  and  in  very  long  periods.     Although  the 

analysis  by  which  these  limits  are  exactly  determined  is  not 

yet  quite  completed,  yet  it  has  at  least  shown  that  the  ex- 

eenlzicity  of  the  Earth  will  never  be  transformed  into  that 

of  Juno,  Pallas,  or  Victoria. 

10.  Strength  of  the  Sun's  light  on  the  different 
planets. — If  we  make  the  strength  of  the  Sun's  light  on 
the  surface  of  the  Earth  =  1,  we  find  for — 


Mercury 

0 

.     6-674 

Venus 

. 

.     1-911 

Mars  . 

•         « 

.     0-431 

Pallas 

•         1 

.     0-130 

Jupiter 

.         < 

.     0-036 

Saturn 

1         0         < 

.     0-011 

Uranus 

1         .         < 

.     0-003 

Neptune 

>         • 

.     0-001 

Owing  to  the  great  excentricities  of  the  orbits  of  some 
of  the  planets,  the  intensity  of  light  on  their  surface  differs 
^uch  at  their  greatest  and  least  distance  from  the  Sun. 
Thus  it  is  in — 

Mercury,  when  in  perihelion,  10*58;  in  aphelion,  4*59 
Mars  „  0-52;  „  0*36 

Juno  „  0-25;  „  0-09: 

^Mle  the  Earth,  from  the  small  excentricity  of  its  ellipse, 
^  in  perihelion  1'034,  and  in  aphelion  0'967.     If  the 
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light  of  the  Sun  is  nearly  7  times  more  intense  at  the  sar- 
face  of  Mercury  than  on  that  of  the  Earthy  it  must  be  868 
times  less  intense  on  Uranus.  The  ratio  of  warmth  is  not 
here  considered^  because  it  is  a  complicated  phenomenon  de- 
pending on  the  existence  or  non-existence  of  planetary  atmo* 
spheres^  their  heights^  and  special  constitution.  I  will  meiefy 
allude  to  the  conjecture  of  Sir  John  Herschel  respecting  the 
temperature  at  the  surface  of  the  moon,  "  which/'  he  thinbj 
''may  perhaps  considerably  exceed  that  of  the  boiling-point 
of  water''  (S39). 

j3.  Satellites, 

General  comparative  considerations  respecting  subordinate 
planets  or  satellites  have  been  already  given  with  some  de- 
gree of  fulness  in  the  ''Picture  of  Nature''  in  the  Ist 
volume  of  Kosmos  (S.  99 — 104,  German;  p.  86 — 91,  Eng- 
lish). At  that  time  (March  1845)  only  11  planets  and  18 
satellites  were  known.  Of  asteroids — also  called  telescopic 
or  small  planets — only  four  had  been  discovered — viz. 
Ceres,  Pallas,  Juno,  and  Vesta.  At  the  present  moment 
(August  1851)  the  number  of  primary  planets  exceeds  that 
of  secondary  planets  or  satellites ;  for  we  now  know  22  of 
the  former,  and  21  of  the  latter.  After  a  thirty-eight  years' 
interruption  of  planetary  discoveries,  from  1807  to  De- 
cember 1845,  the  discovery  of  Astrsea  by  Hencke  was  the 
first  of  a  long  succession  by  which  10  new  small  planets 
have  become  known  to  us.  Of  these,  Hencke  at  Driesen 
recognised  two  (Astrsea  and  Hebe) ;  Hind,  in  London,  four 
(Iris,  Flora,  Victoria,  and  Irene) ;  Graham,  at  Markree 
Castle,  one  (Metis) ;  and  De  Gasparis,  at  Naples,  three  (Hy- 
geia^  Parthenope,   and  Egeria).     The  recognition  of  the 
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Outermost  of  all  the  large  planets,  Neptune,  announced  bj 
1*  Verrier  at  Paris,  &ud  seen  by  Galle  at  Berlin,  followed  ten 
Biontba  after  that  of  Astreea.  Discoveries  now  succeed  each 
otW  with  such  rapidity,  that,  after  the  lapse  of  a  few  years, 
a  topography  of  the  soiar  system  appears  as  antiquated  as 
do  statistical  descriptions  of  countries  after  a  similar  iu- 
terral. 

Of  the  tl  satellites  at  present  known,  1  belongs  to  the 
Esttli,  4  to  Jupiter,  8  to  Saturn  [tlie  last  discovered  of  these, 
HTperion,  the  7th  according  to  distance,  was  discovered 
nearly  simultaneously  on  the  two  sides  of  the  Atlantic  by 
liond  and  Lassell),  6  to  TJrauus  (of  which  the  2d  and  tlie 
^th  are  the  most  securely  ascertained),  and  2  to  Neptune. 

TTie  satellites  which  revolve  round  the  primary  planets 
•ioiislilute  subordinate  systems,  in  which  the  planets  appear 
aa  the  central  bodies  of  domains  of  various  and  very  diffe- 
rent dimensions,  in  which  the  great  solar  domain  is,  ns  it 
w^re,  repeated  on  a  smaller  scale.  According  to  our  pre- 
sent knowledge,  the  domain  of  Jupiter  has  a  diameter  of 
580000  {2080000  "Eiig.).  and  that  of  Saturn  1050000 
WiUOOOO  Eng.)  geographical  miles.  In  the  time  of  Ga- 
Ww,  when  the  expression  of  "  Mundus  Jovialis"  was  often 
i»d  to  describe  tlie  planet  Jupiter  and  its  attendant  satellites, 
tW  analogies  between  the  soiar  system  and  the  snbordi- 
"Wt  systems  included  within  its  limits,  contributed  much  to 
wemtiTe  rapid  and  more  general  reception  of  the  Copernican 
'iwa.  Such  analogies  also  remind  us  of  the  repetition  of 
'Ofm  and  position  which  are  often  presented  to  us  in 
i^nic  life. 
file  distribution  of  the  satellites  comprised  within  the 
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solar  domain  is  so  unequal^  that  whilst,  on  the  whole,  tb^ 
proportion  of    the  primary  planets    which  have  no  sucTi 
attendants  to  those  which  are  so  accompanied  is  as  8  to  6> 
the  latter  class^  with  the  single  exception  of  the  Earthy  all 
belong  to  the  outer  planetary  group,  situated  beyond  the 
intersecting  orbits  of  the  asteroids  or  small  planets.    The 
only  satellite  in  the  group  of  the  inner  planets  situated  be- 
tween the  Sun  and  the  asteroids — ^viz.  our  Moon—is  strik- 
ingly large  in  proportion  to  the  diameter  of  its  primaiy 
planet.     This  proportion   is  ^Vi  whereas  the  largest  of 
all    the  satellites  of  Saturn  (the  6th,  Titan)  is  probaUj 
only  TT-T>    ^^d  the  largest  of  Jupiter's    satellites    (the 
3d)  8  5*-5-  of  their  respective  primaries.    We  must  distinguish 
in  this  consideration  between  relative  and  absolute  magni- 
tude.    Our  Moon,  which  is  relatively  so  large,  is  abso- 
lutely smaller  than  any  of  the  four  satellites  of  Jupiter;  the 
diameter  of  the  former  being  454,  and  the  diameters  of  the 
latter  respectively  776,  664,  529,  and  475  German  geogra- 
phical miles  (or  the  Moon  1816,  and  Jupiter's   satellites 
3104,  2656,  2116,  and  1900  English  geographical  miles). 
The  magnitude  of  the  6th  satellite  of  Saturn  differs  veiy 
little  from  that  of  the  planet  Mars  (the  diameter  of  which 
is  892  German,  or  3568  English  geographical  miles)  (^*)« 
If  the  question  of  telescopic  visibility  depended  solely  oa 
the  diameter  of  the  satellite,  and  was  not  also  conditional 
on  the  proximity  to  the  disk  of  its  primary  planet,  and  the 
remoteness   and  nature  of  its  light-reflecting   surface,  we 
should  have  \o  regard  the  1st  and  2d  of  Saturn's  satellites 
(Mimas  and  Enceladiis),  and  two  of  the  satellites  of  Uranu^^ 
which   have   been    repeatedly   seen,   as    the    smallest  oi 
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all  known  satellites.  It  is,  however,  safer  to  designate 
iWm  merely  as  the  smallest  luminous  points.  At  preeent 
there  appears  more  reason  to  believe  that  the  smallest  of  all 
plaaet^  bodies,  meaning  thereby  both  primitry  planets  anil 
sateUitea,  are  to  be  sought  for  among  the  small  or  telescopic 
planets  ("i). 

The  density  of  satellitee  ia  by  no  means  always  inferior 
totbat  of  their  primary  planets,  as  is  the  case  in  our  Moon 
(whose  density,  compared  to  that  of  the  Earth,  is  as  0'619 
to  1),  andin  Jupiter's  4th  satellite.  The  densest  of  these  satei- 
Ht«s,  the  2(1,  ia,  on  the  other  hand,  denser  than  Jupiter ; 
while  the  3d  and  largest  appears  to  have  the  same  density 
as  the  planet  itself.  Nor  do  the  mosses  increase  witli  the 
diatiuice  :  if  the  planets  have  arisen  from  revolving  rings, 
peculiar  causes,  which  may  perhaps  ever  remain  hidden  from 
M,  must  have  occasioned  in  the  various  cases  larger  or 
Waller,  and  denser  or  rarer,  accuoaulationb  around  a  nucleus. 

The  orbits  of  satellites  belonging  U>  t!ie  same  group  have 
'ery  different  exeeutricities.  Tn  the  system  of  Jupiter,  the 
orbits  of  the  1st  and  2d  satellites  are  almost  circular ;  while 
of  those  of  the  Sd  and  4th  the  exeeutricities  amount  to 
0'0O13  and  (1-0072.  lu  the  system  of  Saturu,  the  orbit  of 
l^  satellite  which  is  nearest  to  the  planet  {Mimas)  is  coii- 
flduably  more  eicentric  than  the  orbit  of  Enceladus,  or 
"lan  that  of  Titan,  which  has  been  so  accurately  determined 
•>)  Bessel.  The  excentricity  of  this,  the  6th  satellik 
"^  Saturn,  and  the  largest  and  earliest  discovered,  is  only 
U"03922.  According  to  all  these  data,  which  are  deserving 
'^'Considerable  confidence,  Mimas  is  the  oidj  satellite  whose 
wbit  is  more  excentri*;  than  that  of  our  Moon  t0'0o4B4i), 


342  SPECIAL  RESULTS  TV  THE  TTRAKOLOGIOAt 

Of  all  known  satellites^  the  Moon  is  the  one  whose  oibit  is 
the  most  excentric  as  compared  with  that  of  the  piimarj 
planet  round  which  it  revolves.     (Bespecting  the  distances 
of  satellites  from  their  central  planets^  see  Kosmos,  fid.  i 
S.  102 ;  Eng  ed.  p.  88-89.)    The  distance  of  Satum's  nearest 
satellitie^  Mimas^  is  at  present  estimated  not  at  20022,  boi 
at  25600  German  geographical  miles  (80088  and  102400 
English) ;  whence  the  resulting  distance  from  Satom^s  Bing 
is  somewhat  above  7000  German  (28000  Eng.)  geographical 
miles^  reckoning  the  breadth  of  the  Sing  at  60417  Genoan, 
or  24188  English^  and  the  distance  of  the  £ing  from  the  sur- 
face of  the  planet  4594  German,  or  18376  English,  geogra- 
phical miles  (^*2j ,  The  orbits  of  satellites  present  also  remark- 
able anomalies  in  regard  to  position,  though  there  is  at  the 
same  time  a  certain  agreement  in  this  respect  in  the  system  of 
Jupiter,  whose  satellites  all  move  very  nearly  in  the  plane  of 
the  equator  of  their  central  planet.   In  the  group  of  Saturn's 
satellites,  7  revolve  nearly  in  the  plane  of  the  Bing,  while 
the  outermost  or  8th,  Japetus,  is  inclined  12°  14'  to  that 
plane. 

In  these  general  considerations  respecting  the  planetary 
spheres,  we  have  descended  from  the  higher  (probably  not 
the  highest)  system  {^^^) — that  of  the  Sun —to  the  subordi- 
nate partial  systems  of  Jupiter,  Saturn,  Uranus,  and  Nep- 
tune. As  a  tendency  to  generalisation  is,  as  it  were,  inborn 
in  thoughtful  and  imaginative  man, — as  an  unsatisfied  cos- 
mical  anticipation  seems  to  present  to  him,  in  the  movement 
of  translation  of  our  solar  system  in  space  (^**),  the  idea  of  an 
ascending  relation  and  subordination ;  so,  on  the  other  hand, 
the  possibility  has  been  suggested  that  Jupiter's  satellites 
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may  be  in  their  turn  the  central  bodies,  around  which  revolve 
other  secondary  cosmical  bodies  which  remain  unseen  by 
reason  of  their  smaUuess.  Thus  individual  members  of  the 
partial  systems^  which  are  principally  found  in  the  outer 
group  of  primary  planets,  would  have  other  similar  system^ 
subordinated  to  them.  Man's  love  of  systematic  arrange- 
ment is,  it  is  true,  gratified  by  repetitions  of  form  in  de- 
scending or  ascending  order,  in  images  which  are  the  crea- 
tures' of  his  own  fancy ;  but  in  severer  and  more  earnest 
iuvestigations  it  is  forbidden  to  confound  an  ideal  with  the 
actual  Cosmos,  or  to  mingle  the  possible  with  the  more  sure 
results  of  observation. 


u2 
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SPECIAL  NOTICE  OP  THE  SBVEBAL  PLANETS  AND  THEIS  SATBlr 
UTES  AS  PABTS  OP  THE  SOLAR  DOMAIN. 

The  especial  object  of  a  physical  description  of  the  Unimfle 
iS|  as  I  have  already  remarked,  the  assemblage^  both  in 
the  sidereal  and  telluric  range  of  phenomena,  of  all  the 
most  important  numerical  results  resting  on  adequate  and 
accurate  investigation  up  to  the  present  time — ^viz.  the 
middle  of  the  nineteenth  eentury.  The  forms  and  the 
movements  of  the  physical  Universe  are  here  depicted  as 
Created,  Existing,  Measured.  Neither  the  bases  on  which 
the  obtained  numerical  results  repose, — ^nor  the  cosmogonic 
conjectures  which,  in  the  varying  states  of  mechanical  and 
physical  knowledge,  have  arisen  in  different  ages  respecting 
the  mode  of  formation, — nor  questions  relating  to  the  myste- 
rious act  of  Creation  itself, — belong,  in  a  strict  sense,  to  the 
domain  of  these  empirical  deductions  (Kosmos,  Bd.  i.  S. 
29—31,  63,  and  87  ;  Eng.  ed  p.  30—33,  57,  and  75). 

The  Sun. 

I  have  stated  in  the  preceding  pages  (Bd.  iii.  S.  378— 
405;  Eng.  ed.  p.  267 — 295)  both  the  numerical  results  and 
the  views  now  prevailing  respecting  the  physical  constitution 
of  the  central  body  of  our  system.  It  only  remains  to  give, 
from  observations  made  since  those  pages  were  written,  some 
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additional  remarks  on  the  red  or  roseate  appearances  referred 
to  in  pages  278 —  280  of  the  Enghsh  translation.  Theimpor- 
tant  phenomena  presented  by  the  solar  eclipse  of  the  28th 
July^  1851,  which  was  total  in  the  East  of  Europe,  have  added 
fresh  force  to  the  opinion  expressed  by  Arago  in  1842,  that 
the  red  mountain-  or  cloud-like  projections  on  the  margin  of 
the  darkened  solar  disk  belong  to  the  gaseous  outermost  enve- 
bpe  of  the  Sun(5*5).  These  projections  were  gradually 
uncovered  by  the  receding  west  limb  of  the  Moon  as  that 
body  continued  its  course  to  the  eastward  (Annuaire  du  Bu- 
reau des  longitudes  pour  1852,  p.  457) ,  and,  on  the  other 
hand,  disappeared  on  the  opposite  side  as  they  were  gra- 
dually covered  by  the  advancing  eastern  limb  of  the  Moon. 
The  intensity  of  the  light  of  these  marginal  projections 
was  so  considerable  that  it  was  possible  to  recognise  them 
in  the  telescope  through  thin  veiling  clouds,  and  even  with 
the  naked  eye  within  the  corona. 

The  shape  of  some  of  these  mostly  ruby-  or  peach-red  forms 
was  seen  to  undergo  rapid  and  sensible  alteration  during  the 
short  continuance  of  the  total  eclipse :  one  of  the  project 
tions  appeared  bent  at  the  top,  and  showed  itself  to  many 
observers  as  an  overhanging  column  of  smoke  in  proximity 
to  a  freely  suspended  detached  doud  (**^).  The  elevation 
of  the  projections  was  estimated  for  the  most  part  at  from 
1'  to  2' :  in  one  case  it  seems  to  have  been  even  greater. 
Besides  these  pointed  elevations,  of  which  from  three  to  five 
were  counted,  there  were  also  seen  long,  narrow,  crimson- 
coloured  bands,  often  dentated  at  the  edges,  appearing  as  if 
resting  against  the  margin  of  the  Moon  (^*^). 

The  part  of  the  Moon's  limb  which  was  not  projected  ou 
the  Sun's  disk  (5*®)  was  again  most  distinctly  seen. 
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Near  tbe  part  of  the  Son's  margin  where  the  largest  over- 
hanging red  gibbosity  appeared^  a  group  of  solar  spots  was 
visible, — situated,  however,  a  few  minutes  distant  from  the 
margin.  On  the  opposite  side,  not  far  from  the  faint  eastern- 
most marginal  projection,  there  was  also  a  solar  spot  near 
the  Sun's  limb.  The  actual  distances,  however,  implied  by 
the  few  minutes  of  space  on  the  Sun's  disk  here  spoken  of, 
would  oppose  our  assuming  that  the  funnel-shaped  openings 
or  depressions  indicated  by  the  spots  furnished  the  mattef 
for  these  red  gaseous  exhalations ;  but  since  the  entire  sur- 
face of  the  Sun,  when  viewed  with  strong  magnifying  powers, 
shows  visible  punctures  or  pores,  there  is  the  greatest  pro- 
bability in  favour  of  the  opinion,  that  the  same  exhalations 
of  vapour  or  gas  which,  in  ascending  from  the  body  of  the 
Sun,  produce  the  funnel-shaped  openings  seen  by  us  as  solar 
spots  (5*^),  issue  forth  either  through  these  openings  or 
through  the  pores,  and  being  illuminated  by  the  photo- 
sphere, present  to  our  view  variously-shaped  roseate  clouds 
or  columns  of  vapour  in  the  third  or  outermost  sohr 
envelope. 

Mercury, 

If  we  remember  how  much,  from  the  earUest  times,  the 
Egyptians  (s^®)  were   occupied  with  the  planet  Mercury 
(Set — Horus),   and  the  Indians  with  their  Budha  (**^), — 
how,   under  the  clear   sky   of  Western  Arabia,  the  star-' 
worship  of  the  tribe  of  tlie  Asedites  (^^2)  was  directed  exclu^ 
sively  to  Mercury, — and  that  Ptolemy,  in  the  9th  book  O* 
the  Almagest,  was  even  able  to  avail  himself  of  fourteeO 
observations  of  that  planet,  extending  back  to  261  year^ 
before  our  era,  and  belonging  in  part  to  the  Chaldeat*^ 
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f.***)i — i^e  sliall  be  surprised  that  Copernicua,  who  lived  to 
atUin  hia  70th  year,  should  have  had  to  complain  on  his 
dealk-bed  that,  much  as  he  had  tried,  he  had  never  seen 
Mercury.  Nevertheless,  the  Greeks  designated  this  planet, 
and  justly  so,  "the  strongly  sparUing"  {aTi\ii<i>')  (^**),  on 
acconut  of  ita  occasional  intense  light.  Like  Venus,  it 
presents  to  us  phases  or  varying  forms  in  its  illuminated 
portion ;  and  appears  to  us  sometimes  as  a  morning,  and 
sometimes  as  an  evening  star. 

Mercury,  at  its  mean  solar  distance,  is  little  more  than  H 
millions  of  German,  or  32  millions  English,  geographical 
miles  from  the  Sun,  being  exactly  0-3870938  parts  of  the 
Earth's  mean  distance  from  the  Sun.     From  the  great  ex- 
MQtricity  of  its  orbit  (0'2056163),  the  dbtance  of  Mercury 
6om  the  Sun  is,  in  perihehon,  6J,  and  in  aphelion  10  mil- 
lions of  German  geographical  miles    (25  and  40  millions 
Eoghsh).     It  completes  its  revolution  round  the  Sun  in 
ST  mean  terrestrial  days,  23  hours,  15   minutes,  and  46 
By  the  somewhat  uncertain  observations  of  the 
L  iliipe  of  the  southern  horn  of  the  sickle,  and  by  noticing  a 
I  ^^  streak  which  was  blackest  towards  the  east,  SchriJter 
LOA  Harding  estimated  its  time  of  rotation  ijt  24  hours  5 
piuatea. 

,  According  to  Bessel's  determinations  made  on  the  orca- 
f  the  transit  of  Mercury  on  the  5th  of  May,  1832, 
■  tnie  diameter  is  671  German,  or  2684  English  geogra- 
ftical  miles  (sbs)— i.  e.  0-391  parts  of  the  Earth's  diameter. 
The  mass  of  Mercury  waa  assigued  by  Lagrange 
Tom  very  hazardous  assumptions  respecting  the  recipro- 
Wues  of  ratios  of  densities  and  distances.  Encke's  comet 
■   «  Bliort  period  first  afforded  a  means  of  correctmg  tliis 
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important  element.    Encke  has  detenniaed  the  mass  of 
Mercury  at  i^si^jn  of  the  Sun's  mass^  and  about  i^.j  of 
that  of  the  Earth.     Laplace^  in  accordance  with  Lagrftogei 
had  made  ^(^^^^  |^^  but  the  true  mass  is  only  about  /|tlui 
of  that  quantity.      This   correction  refutes    at  the  bame 
time  the  previous  hypothetical  statement  of  the  rapid  b* 
crease  of  planetary  density  with  increasing  proximity  to  the 
Sun.     If,  with  Hansen,  we  take  the  volume  of  Mercuiy 
at  Tw^^s  of  ^^^^  of  ^^6  Earth,  the  resulting  density  of  Mer- 
cury, as  compared  to  that  of  the  Earth,  is  only  as  1*22  ;  1. 
"These  determinations,'^  adds  my  friend,  their  author,  "a» 
only  to  be  considered  as  first  attempts,  which,  howeveTi 
approximate  much  more  nearly  to  the  truth  than  LapW> 
assumption."     Ten  years  ago,  the  density  of  Mercury  was 
still  assumed  to  be  almost  three  times  greater  than  that  of 
the  Earth  (2-56  or  2-94),  that  of  the  Earth  being  =1-00. 

Venus. 

The  mean  distance  of  Venus  from  the  Sun  is  0*728331T 
in  parts  of  the  Earth's  solar  distance,  or  15  German  or  60 
English  millions  of  geographical  miles.     The  sidereal  or 
true  period  of  revolution  of  Venus  is  224  days,  16  hoiiM> 
49  minutes,  7  seconds.     No  other  planet    approaches  so 
near  to  the  Earth  as  does  Venus :  it  may  approach  us  within 
5^  German,  or  21  English,  millions  of  geographical  miles; 
but  it  may  also  be  as  remote  as  86  German,  or  144  English, 
millions  of  geographical  miles  :  and  hence  the  great  varia- 
bility of  its  apparent  diameter,  but  which  by  no  means  de- 
termines solely  the  intensity  of  its  brightness  (^^^).    The 
excentricity  of  Venus's  orbit  is  only  0*00686182,  expressed 
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in  puts  of  the  semi-major  axis.  The  diameter  oftliia  planet  is 
1694  German,  or  6776  English,  geographical  miles;  its 
™ass  ^-5-{-TT9  j  its  volume  0'957,  and  its  density  O'Ql,  as 
compared  to  the  Earth. 

Of  the  transits  of  the  two  inferior  planets,  first  announced 
by  Kepler  in  his  Rudolphine  Tables,  it  is  that  of  Venus 
which,  by  the  aid  it  affords  towards  the  determination  of 
the  Sun's  parallax  and  the  distance  of  the  Earth  from  the 
Siui  thence  derived,  is  most  important  in  its  bearings  on 
the  theory  of  the  entire  planetary  system.  According  to 
Encke's  complete  investigation  of  the  transit  of  Venus  which 
happened  in  1769,  the  Sim's  parallax  is  8"-57il6  (Ber- 
liner Jalurbuch  fiir  1852,  S.  S2S).  On  the  proposal  of 
a  distinguished  mathematician — Professor  Geiling,  of  Mar- 
burg— since  1849,  a  new  investigation  respecting  the  Sun's 
parallax  has  been  undertaken  by  the  orders  of  the  Go- 
Ternment  of  the  United  States  of  ^iorth  America.  It  ia 
designed  to  obtain  the  parallax  by  means  of  observations  of 
the  planet  Venus  near  its  eastern  and  western  elongation, 
as  well  as  by  mictometric  measurements  of , the  differeucea 
in  Bight  Ascension  and  Declination  of  well-determined 
fixed  stars,  made  at  places  on  the  Earth's  surface  differing 
considerably  in  latitude  and  longitude  (Schum.  Astr. 
Nachr.  No.  599,  S.  363 ;  and  No.  613,  S.  193).  The 
astronomical  expedition  charged  with  the  prosecution  of  this 
undertaking,  and  which  is  commanded  by  a  highly -informed 
officer — Lieutenant  Gilliss,  of  the  United  States  Navy — 
has  proceeded  to  Santiago  de  Chile. 

The  rotation  of  Venus  upon  its  axis  was  long  the  subject 
of  many  doubts,  Dominic|ue  Cassini,  in  1 669,  and  Jacques 
Cusini,  in  1732,  found  23  hours  20  minutes  as  its  period; 
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while  Bianchini  (^^s)  gt  Eome,  in  1726,  assumed  the  dov 
rotation  of  24  J  days.  The  more  exact  observations  of  De 
Vico,  in  the  years  1840 — 42,  have  given  from  the  mean  of » 
great  number  of  '^  spots  of  Venus/'  23  hours,  21  minutes, 
21*98  seconds. 

These  spots,  which  appear    on  the  boundary  dividing 
the  illuminated  from  the  shaded  portion  of  the  planet  wlien 
Yenus  appears  as  a  bow,  are  seen  only  rarely,  and  are  fiii&t 
and  for  the  most  part  variable ;  so  that  both  the  Hersclidby 
father  and  son,  have  believed  them  to  belong,  not  to  the  solid 
surface  of  the  planet,  but  more  probably  to  an  atmosphere  sur- 
rounding it  (559),     The  variable  shape  of  the  horns  of  lita 
bow,  especially  of  the  southern,  has  been  used  by  La  Hir^ 
Schroter,  and  Madler,  partly  for  estimating  the  heights  of 
the  mountains,  and  partly  and  more  particularly  for  dettf* 
mining  the  rotation.     The  phenomena  are  not  such  as  to 
require  for  their  explanation  such  elevations  as  were  assumed 
by  Schroter  at  Lilienthal — of  5  German,  or  20  English, 
geographical  miles ;  but,  on  the  contrary,  only  such  altitudes 
as  the  mountains  of  our  own  globe  present  in  both  conti- 
nents (560),     In  the  little  that  we  know  of  the  aspect  of  the 
surfaces  or  of  the  physical  constitution  of  the  two  planets 
nearest  to  the  Sun  (Mercury  and  Venus),  an  exceedinf^ 
curious  enigma  is  presented  by  the  appearance  of  an  ash- 
coloured  light,  or  an  evolution  of  light  not  derived  fifom 
any  other  body,  which  has  been  occasionally  observed  on  thd 
dark  part  of  Venus  by  Christian  Mayer,  William  Herschel 
(5<5i),  and  Harding.     The  great  distance  renders  it  unlikely 
that  the  reflected  light  of  the  Earth  should  be  the  cause  10 
Venus  as  it  is  in  tlie  Moon. 

No    compression  at  the  poles  has  yet  been  observail 
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in    either    of   the    two    iiiferior    plaiitts  —  Mercury    or 
\eoiig. 

Earth. 

The  mean  distance  of  the  Earth  from  the  Sun  is  12032 
times  greater  thau  the  Earth's  diameter — therefore  20683000 
German,  or  82728000  English,  geographical  miles,  this 
quantity  being  considered  uncertain  to  about  90000  Germfln, 
or  360000  English,  geographical  miles,  or  -ryoth  of  its 
amount.  The  time  of  the  sidereal  revolution  of  the  Earth 
romiii  the  Sun  is  365''.  &:  9".  10'.7496.  The  exceatricity 
at  the  Earth's  orbit  amouuts  to  0-01679226,  its  mass 
ia  mrsTTf  ^^^  i's  density  in  proportion  to  water  is  as  5'44 
tu  1,  Bessel's  investigation  of  ten  measurements  of  degrees 
give  the  terrestrial  ellipticity  -rrg-T-rr  i  the  length  of  a 
Qennan  geographical  miJe  of  15  to  a  degree  at  the  equator 
380i'23  tuises ;  and  the  equatorial  and  polar  diameters 
respectively  171S-9  and  1713-1  such  miles,  or  6875-6  and 
liB52-4i  English  geographical  miles  (Kosmos,  Bd,  i.  S.  421, 
Anm.  100 ;  Eng.  ed.  p.  shi.  Note  130).  I  confine  myself 
I.ere  to  numerical  data  of  figure  and  motion  j  all  that  relates 
lo  the  physical  constitution  of  the  Enrtlj  is  reserved  for  the 
W— (.  e.  the  tell  uric  portion  of  the  Cosmos. 

T/ie  Earth's  SateUiie,  -^/Tr**' 

The  mean  distance  of  tlie  Moon  from  the  Earth  b  51800 
Qetman,  or  207200  English,  geographical  miles  j  its  side- 
f^  period  of  revoiutioa  27  days,  7  hours,  43  minutes,  and 
U-5  seconds;  the  escentrieitj  of  its  orbit  0-05i8442  ;  its 
iinniiter  454  German,  or  1816  English,  geographical  miles. 
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being  nearly  J  of  the  Earth's  diameter ;  its  volume  -^\!^ 
of  that  of  the  Earth ;  its  mass^  according  to  Lindenau^  y\.-^ 
(accordmg  to  Peters  and  Schidloffsky^  -^)  of  the  mass  of 
the  Earth ;  and  its  density  0*619,  or  almost  -f-ths  the  den^ 
sity  of  the  Earth.  The  Moon  has  no  sensible  flattemng  at 
the  poles^  but  has  an  extremely  small  elongation  or  swdling 
towards  the  Earth  (the  amount  of  which  is  determined  bj 
theory).  The  rotation  of  the  Moon  round  its  axis  is  per- 
formed (as  is  probably  the  case  with  all  satellites  in  reference 
to  their  respective  primary  planets)  in  exactly  the  same  time 
as  that  in  which  it  completes  its  revolution  round  the  Earth. 
The  solar  light  reflected  from  the  surface  of  the  Moon  is 
in  every  zone  fainter  than  the  solar  light  reflected  in  the 
daytime  from  a  white  cloud.  When  taking  lunar  distances 
from  the  Sun  for  determinations  of  geographical  longitn^ 
it  is  not  unfrequently  found  difScult  to  distinguish  the 
Moon's  disk  among  the  more  intensely  illuminated  cumnlL 
On  mountains  between  thirteen  and  seventeen  thousand  feet 
high,  where,  in  the  clearer  mountain  air,  only  lights  feathoy 
cirrous  clouds  are  to  be  seen,  I  found  it  much  easier  to 
distinguish  the  Moon's  disk,  both  because  cirrus  from  its 
sUghter  texture  reflects  less  of  the  Sun's  light,  and  the  light 
of  the  Moon  loses  less  in  passing  through  thin  atmospheric 
strata.  The  ratio  of  the  intensity  of  the  Sun's  light  to  that 
of  the  full  moon  deserves  a  fresh  investigation,  as  Bouguer'* 
generally  received  determination  (-joVo-oo-)  differs  so  strik- 
ingly from  the  indeed  more  improbable  one  of  WoUaston 

(         1         \  /'562\ 

\8  0  0  0  0  0/    V         J* 

The  yellow  light  of  the  Moon  appears  white  by  day,  be- 
cause the  strata  of  air  through  which  we  see  it  being  blue, 
present  the  complementary  colour  to  yellow  (^^).     Accord- 
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to  the  many  and  various  observafioiis  made  by  Arago  witli 

polariscope,  the  light  of  the  Moon  contains  polarised  light, 

ch  is  most  distinctly  traceable  d  uriiigthe  first  quarter  of  the 

]  and  iu  the  grey  spots  on  its  surface :  for  example,  in  the 

,  dark,  sometimes  somewhat  greenish,  wall- surrounded 

called  the  Mare  Crisiom.     Such  plains  are  mostly  tra- 

rereed  by  long  low  ridges  of  hills,  offering  those  angles 

of  indination   of  the  surface   which  are  required  for  the 

poiarisation   of  the   reflected  solar  light.     The  dark  tone 

of  colour  of  the  adjacent  parts   seems,  moreover,  to  render 

ihe  pheaoiDcaDU  still  more  sensible  by  contrast.     As  regards 

b£  shining  central  mountain  of  the  group  called  Aristarchus, 

thieh  observers  have  repeatedly  imagined  that  they  saw 

Inmc  action  taking  place,  it  showed  no  stronger  polarisa- 

1  of  light  than  did  other  parts  of  tlie  Moon's  surface. 

the  full  moon  no  mixture  of  polarised  light  was  per- 

•ed;  but  during  a  total  lunar  eclipse  (31st  May,  ItiiS) 

igo  remarked  undoubted   signs  of  polarisation  in  the 

ined  disk  of  the  Moon, — a  phenomenon  of  which  we 

have   occasion  to  speak  presently  (Comptes  rendus, 

hiii.  p.  1119). 

Xmt  the  light  of  the  Moon  does  produce  heat  is  (hke  so 

ij  others  due  to  my  celebrated  friend  Melloni)  among 

most  important  and  most  surprising  discoveries  of  our 

hiry.     After  many  unsuccessful  attempts,  from  La  Hire 

ftose  of  the  acute  Forbes  {^^*),  Meiloni,  by  means  of  a 

km  (leutille  a  echelons)  of  three  feet  diameter,  made  for  the 

Meteorological  Institution  on  the  Cone  of  Mount  Vesuvius, 

iWceeded,  in  different  phases  of  the  Moon,  in  observing 

Bust  satisfactory  indications  of  an  ele^  alioii  of  temperature. 

ilosotti,  Lavagna,  and  BeUi,  Professors  of  the  TJnivei'sitiea 
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of  Pisa  and  Pavia^  witnessed  these  experiments^  the  lesxdts 
of  which  varied  according  to  the  Moon's  age  and  altitude. 
To  what  amount^  expressed  in  fractional  parts  of  the  asm 
grade  thermometer,  the  increase  of  temperature  produced  in 
Melloni's  thermoscopic  pile  corresponded,  had  not  then  (in 
the  summer  of  1846)  been  examined  (^^). 

The  ashy  grey  light  seen  on  the  Moon's   disk,  when 
for  some  days  before  and  after   the  new  moon  the  part 
illuminated  by  the  Sun  is  only  a  narrow  bow,  is  earthligbt 
on  the  Moon — "  the  reflection  of  a  reflection/'    The  less 
the  Moon  appears  illuminated  as  viewed  from  the  Earth}    \ 
the  more  illuminated  is  the  Earth  as  viewed  from  the 
Moon.      But  the   earthlight  received  on  the    Moon  is 
13J-  times   stronger  than  the  moonlight  received  on  the 
Earth,  and  is  bright  enough  to  be  perceived  by  us  on  a 
second  reflection.     In  this  faint  light  the  telescope  can  dis- 
tinguish both  the  larger  spots,  and   also  bright  shining 
points — mountain-summits  in  the  lunar  landscapes;  and, 
even  when  more  than  half  the  Moon's  disk  reflects  to  us  the 
full  illumination  of  the  Sun,  a  faint  grey  light  can  still  be 
seen  on  the  remaining  portion  by  the  aid  of  the  telescope 
(566).     These   phenomena  are  particularly   striking  vhen 
viewed  from  the   high  mountain  plateaus   of  Quito  and 
Mexico.     Since  Lambert's  and  Schroter's  writings,  the  opi- 
nion has  prevailed,  that  the  very  various  degrees  of  intensity 
of  the  grey  light  of  the  Moon  at  different  times  proceed  from 
the  stronger  or  fainter  return  of  the  solar  light  from  the  sur- 
face of  the  Earth,  according  as  this  is  reflected  from  connected 
continental  masses  full  of  sandy  or  rocky  deserts,  grassy 
steppes,  and  tropical  forests,  or  from  extensive  oceanic  sur- 
faces.    Lambert,  on  the  14th  of  February,   1774,  made, 
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^th  a  comet-finder  having  a  very  light  field,  the  remarkable 
observation  of  a  change  of  the  grey  or  ashy  light  of  the 
Moon  into  an  olive-green  colour^  verging  somewhat  towards 
yellow.  The  moon,  which  then  stood  vertically  over  the 
Atlantic  Ocean,  received  on  its  nocturnal  side  the  green 
earthlight  sent  to  it  in  a  cloudless  sky  from  the  forest-covered 
r^ons  of  South  America  (^^7). 

The  meteorological  state  of  our  atmosphere  modifies  the 
intensity  of  this  earthlight,  which  has  to  traverse  the  double 
path  from  the  Earth  to  the  Moon,  and  from  the  Moon  again 
to  our  eyes.  "  Thus,"  as  Arago  has  remarked  (^^^),  "  when 
it  some  future  day  better  photometric  instruments  shall  be 
employed,  we  shall  be  able  to  read,  as  it  were,  in  the  Moon  the 
mean  state  of  transparency  of  our  atmosphere."  The  first 
correct  explanation  of  the  nature  of  the  ashy  light  of  the 
Moon  was  given  in  a  letter  written  by  Kepler  (ad  Vitellionem 
Paialipomena  quibusAstronomise  pars  optica  traditur,  1604, 
p.  254)  to  his  highly  venerated  former  instructor  Mastlin, 
and  put  forward  by  the  latter  in  1596,  on  the  occasion  of 
the  thesis  publicly  defended  at  Tubingen.  Galileo  (in  the 
Sidereus  Nuncius,  p.  26)  spoke  of  the  reflected  earthlight 
as  of  a  thing  which  he  had  himself  discovered  several  years 
before;  but  in  reality,  a  hundred  years  prior  to  Kepler  and 
Galileo,  the  true  explanation  of  the  earthlight  visible  to  us 
on  the  Moon  had  not  escaped  the  all-embracing  genius  of 
I«onardo  di  Yinci.  His  long-forgotten  manuscripts  have 
affwded  the  proof  of  this  (569). 

In  total  lunar  eclipses  it  happens  in  some  exceedingly 
Btte  cases  that  the  Moon  disappears  wholly  :  it  did  so,  ac- 
coriing  to  Kepler's  earliest  observation  (^7^),  on  the  9th  of 
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December,  1601 ;  and  in  more  recent  times,  on  the  10th  c 
June,  1816,  in  London,  when  it  could  not  be  discemet 
even  with  telescopes.  A  peculiar,  not  sufficiently  explainet^ 
state  of  the  several  strata  of  the  atmosphere  in  regard  to 
transparency  must  be  the  cause  of  this  equally  rare  and 
curious  phenomenon.  Hevelius  remarks  expressly,  that,  in 
a  total  eclipse  on  the  25th  of  April,  1642,  the  sky  was 
covered  with  sparkling  stars,  the  air  being  perfectly  dear, 
and  yet,  with  the  very  various  magnifying  powers  which  he 
employed,  the  Moon's  disk  continued  without  a  trace  of 
visibility.  In  other  also  very  rare  cases,  only  some  por- 
tions of  the  Moon  are  faintly  visible.  In  ordinary  cases 
disk  appears,  during  a  total  eclipse,  of  a  reddish  hue, 
colour  being,  indeed,  of  the  most  various  degrees  of  inten- 
sity, passing  even,  when  the  Moon  is  far  removed  from  flie 
Earth,  into  a  fiery  glowing  red.  Whilst,  more  than  half  a 
century  ago  (29th  of  March,  1801),  I  was  lying  at  anchor 
oflP  the  Island  of  Barn,  not  far  from  Cartagena  de  Indias, 
and  observing  a  total  lunar  eclipse,  I  was  exceedingly  struck 
by  seeing  how  much  brighter  the  reddened  disk  of  the 
Moon  appears  in  the  sky  of  the  tropics  than  in  my  northern 
native  land  (^^i).  The  whole  phenomenon  is  known  to  be 
the  result  of  the  refraction  of  the  rays,  since,  as  Kepler  veiy 
correctly  expresses  it  (Paralip.  Astron.  pars  optica,  p.  898); 
the  Sun's  rays  are  inflected  in  their  passage  through  the 
Earth's  atmosphere  (^7^),  and  thrown  into  the  cone  of  shadow. 
The  disk,  whether  it  be  of  paler  or  darker  red,  is  never  uni- 
form in  colour  throughout.  Some  parts  always  show  them- 
selves of  deeper  tint  than  others,  and  the  change  of  colour 
takes  place  progressively.     The  Greeks  had  a  peculiar  theory 
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respecting  the  colours  which  the  darkened  moon  should 
exhibit^  according  to  the  different  hours  at  which  the  eclipse 
commences  {^^^). 

In  the  long-continued  controversy  respecting  the  proba- 
bility or  improbability  of  an  atmospheric  envelope  to  the 
Moon,  exact  observations  of  occultations  of  stars  have  shown 
that  no  rejfraction  takes  place  at  the  Moon's  edge;  and 
Schroter's  assumptions  (^7*)  of  a  lunar  atmosphere  and  lunar 
twilight  are  thus  refuted.  The  comparison  of  the  two 
values  which  may  be  derived  for  the  Moon's  semi-dia- 
meter, on  the  one  hand  from  direct  measurement,  and  on 
the  other  from  the  duration  of  the  occultation  of  a  fixed 
star,  {i.  e.  the  length  of  time  which  the  Moon  takes  to 
pass  over  the  star),  shows  that,  at  the  moment  when  the 
Moon's  limb  comes  in  contact  with  the  star,  the  starlight 
is  not  deflected  from  its  rectilinear  course  by  an  amount 
sensible  to  our  eyes.  If  there  were  refraction  at  the  margin 
of  the  Moon's  disk,  the  second  determination  of  the  semi- 
diameter  must  come  out  less  than  the  first  by  twice  the 
amount  of  such  refraction;  whereas  it  has  been  found, 
by  repeated  trials,  that  the  two  determinations  agree 
so  nearly  that  it  has  not  been  possible  to  find  any 
decided  difference  between  them  (s^^j ,  The  immersion  or 
disappearance  of  a  star  behind  the  Moon,  which  can  be 
observed  with  particular  precision  on  the  dark  margin, 
takes  place  suddenly,  and  without  any  gradual  diminution 
of  the  star's  brightness ;  and  the  same  is  the  case  with  the 
emersion  or  reappearance  of  a  star.  The  few  exceptions 
which  have  been  remarked  may  have  had  for  their  cause 
accidental  changes  in  our  own  atmosphere. 

If,  then,  the  Moon  is  without  any  gaseous  envelope,  the 
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entire  absence  of  any  diflfused  light  must  cause  the  heavenlT 
bodies^  as  seen  from  thence^  to  appear  projected  against  adqr 
almost  black  in  the  daytime  (^^^).  No  undulation  of  air  caa 
there  convey  sound,  song,  or  speech*  The  Moon,  to  our  ima- 
gination which  loves  to  soar  into  regions  inaccessible  to  M 
research,  is  a  desert  where  silence  reigns  unbroken. 

The  phenomenon  which  is  sometimes  remarked  in  occul- 
tations  of  stars  by  the  Moon,  of  a  pausing  or  "  cleaving"  rf 
the  star  to  the  Moon's  limb  or  margin  (^7^),  cannot  well  be 
regarded  as  a  consequence  of  the  ''  irradiation,*'  which,  from 
the  great  diflference  in  the  intensity  of  their  light,  causes  the 
part  of  the  Moon  illuminated  directly  by  the  Sun,  when 
only  a  narrow  bow,  to  appear  to  the  eye  as  if  it  encom- 
passed the  remaining  dark  portion.  In  a  total  lunar  edip^ 
Arago  saw  most  distinctly  a  star  cleave  during  the  con- 
junction to  the  dimly-illuminated  red  disk  of  the  Moon. 
Whether  the  phenomenon  here  alluded  to  is  to  be  regarded 
as  the  effect  of  physiological  causes  (^^®),  or  of  aberra- 
tion arising  from  the  refrangibility  and  sphericity  of  the 
eye  (579)^  is  still  a  subject  of  discussion  between  Arago 
and  Plateau,  The  cases  in  which  it  is  affirmed  that  in  an 
occultation  a  disappearance  and  a  reappearance,  and  then 
again  a  disappearance,  have  been  seen,  may  very  well  indi- 
cate an  outline  of  the  moon  accidentally  deformed  by  moun- 
tain precipices  and  deep  chasms. 

The  great  differences  visible  in  the  reflected  light  in  dif- 
ferent parts  of  the  illuminated  lunar  disk,  and  especially  the 
irregularity  of  the  line  which  separates  the  illuminated  from 
the  unilluminated  portion  of  the  disk  in  phases  intermediate 
between  new  and  full  moon,  gave  occasion  in  very  earij 
times   to   the    formation    of   intelligent   views  ^respecting 
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B  inequalities  of  the  surface  of  our  satellite.     Plutarcli, 

in  liis  small  but  very  remarkable  treatise  on  "the  Face  in  tlie 

Moon,"  sajs  expressly,  that  iu  the  spots  which  vc  see  wo 

WBij  surmise  the  Lxistence  partly  »f  deep  clefts  and  valleys, 

id  partly  of  mountain  summits  "  wliicii  cast  long  shadowa 

'£  Mount  Athos,  whose  shadow  reaches  to  Lemnos"  (^^). 

le  spots  cover  about  two-fifths  of  the  whole  disk.     Under 

durable  circumstances  of  the    Moou's  position  aud  the 

Bate  of  the  atmosphere,  it  is  quite  possible  to  distinguish 

■Wh  the  naked  eye  the  ridges  of  the  Apennines,  the  dark 

lU-aurrounded    plain   of    Grimaldi,  the   detached   Mare 

■  €risinm,  and  Tycho,  with  the  mouDtain-ridges  and  craters 

ctoffded  around  it  (^'*^).     It  has  been  said,  not  v.ithout 

probability,   that  it   was  in  particular  the   aspect   of  the 

Apemiine  chain  which  occasioned  the   Greeks    tc  regard 

%  spots  in  the  Moon  as  mountains,  and,  as  has  just  been 

temarkedj  to  refer  in  connection  therewith  to  the  shadow  of 

HoDat  Athos,  which,  at  the  solstice,  reached  to  the  Brazen 

Cow  in  Lemnos.     Ajiother  very  fanciful  opinion  respecting 

tbe  spots  on  the  Moon  was  that  of  Agesianax,  contested  by 

Plutarch,  according  to  which  the  Moon's  disk  was  supposed 

to  reflect  hack  to  us  catoptrically,  as  iii  a  mirror,  the  forms 

■.iod  outhnes  of  our  continents  and  of  the  "  outer  (Atlantic) 

An  opinion  quite  similar  to  tliis  seems  to  have  cou- 

1  as  a  popular  belief  in  Western  Asia  to  the  present 

p,r). 

I  By  the  careful  employment  of  large  telescopes  we  have 

adually  succeeded  in  obtaining  a  topographical  represeu- 

D  of  the  Moon  based  on  actual  observation ;  and,  as  in 

position,  the  whole  of  one  side  of  the  Earth's  satellite 

■■^sents  itself  to  our  examination,  we  know  more  of  the 
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general  and  simply  superficial  configuration  of  the  mountain^ 
groups  of  tlie  Moon,  than  we  do  of  the  orography  of  the  haV 
of  the  Earth's  surface,  which  comprises  the  interior  of  As& 
and  Africa.     Generally  speaking,  we  regard  the  darker  parts 
of  the  Moon's  disk  as  the  plains  and  depressions,  and  ih 
brighter  parts,  which  reflect  most  solar  light,  as  the  more  ele- 
vated and  mountainous  parts.     Kepler's  old  denomination 
of  sea  and  land  has  long  been  given  up ;  and  even  Heve- 
lius,  notwithstanding  the  similar  nomenclature  to  which  he 
gave  currency,  already  doubted  the  correctness  of  such  an 
interpretation,  and  the  truth  of  the  contrast  it  imphed.  The 
circumstance  that,  on  careful  examination  with  very  diffeieot 
illumination,  all  parts  of  the  so-called  lunar  "  seas"  have 
shown  themselves  completely  uneven,  and  because  polyhedriCi 
or  full  of  angles,   therefore  giving  much  polarised  ligh^ 
has  been  adduced  as  being  particularly  at  variance  with  the 
supposition  of  the  presence  of  liquid  surfaces.     Arago  has 
noticed,  however,  in  regard  to  this  reasoning,  that  some  of 
these  surfaces    might,    notwithstanding  their   inequahties, 
belong  to  a  not  over-deep  sea-bottom  covered  with  water; 
since  in  our  own  planet  we  find  that  the  uneven  rocky  bed 
of  the  ocean  can  be  distinctly  seen  on  looking  down  from  a 
great  height,  because  the  intensity  of  the  light  which  ascends 
from  below  surpasses  that  of  the  light  which  is  radiated 
from  the  surface  of  the  sea  (Annuaire  du  Bureau  des  Longi' 
tudes  pour  1836,  p.  339 — 343).     In  the  forthcoming  work 
of  my  friend — his  *^  Astronomy  and  Photometry^' — the  pro- 
bable absence  of  water  on  the  surface  of  our  sateUite  will 
be  deduced  from  other  optical  reasons  which  we  do  not 
enter  upon  here.     Of  the  low  '^  plains,^'  the  largest  are  in 
the  northern  and  eastern  parts  of  the  Moon's  disk.    Among 
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a,  the  not  very  definitely  bounded  Ocean  us  Procellarum  has 
thegteatestestent  (90000  German  geographical  square  miles). 
In  connection  with  the  Mare  Imbrium  (16000  German 
square  miles),  the  Mare  Nubium,  aud  in  some  degree  with  the 
Mare  Humorum,  and  incloaiiig  insular  highlands  (the  Bi- 
plitean  Momitainsj  Kepler,  Copernicus,  and  the  Carpathians), 
the  eastern  darker  portion  of  the  Moon's  surface  forms  the 
most  decided  contrast  with  the  more  brightly  beaming  south- 
western region,  in  which  mounlain  ia  crowded  against  monn- 
tttin  (^^).  In  the  north-western  region  there  are  two  more 
detached  and  isolated  basins — the  Mare  Crisium  (3000 
German  geographical  square  miles),  and  tJieMareTraiiquil- 
litatis  (5800  such  miles). 

The  colour  of  these  so-called  seaa  is  not  always  grey. 
"KiB  Mart-  Crisium  has  a  grey  tint  mixed  with  dark  green, 
and  the  Mare  Serenitatia  and  Marc  Uumorum  are  hkewise 
green.  Near  the  Hercyuian  Mountains,  the  isolated  part 
mdosed  within  the  circumvaUation  called  Lichtenberg,  has, 
on  the  other  hand,  a  pale-red  tint ;  and  so,  also,  has  Falus 
Somnii.  Annular  depressions  without  central  mountainB 
hare  most  often  a  dark  steel-grey  tint  verging  towards 
bluish.  The  causes  of  tJiese  different  titits  of  colour  in 
tk  rocky  or  other  less  coherent  substances  forming  the 
snrfiice,  are  exceedingly  enigmatical. 

A  great  wali-surrounded  plain  culled  Plato  (by  Heveliua, 
I*ffla  niger  major),  on  the  north  of  the  "  Alps,"  and  still 
■Wre,  Grimaldi  in  the  equatorial  region,  and  Endymion,  near 
tile  north-western  margin,  are  the  three  darhest  places  in 
*w  whole  lunar  disk  j  and  the  brightest  of  all  is  Aristar- 
™%  of  which,  when  it  is  on  the  portion  of  the  Moon  not 
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otherwise  directly  illuminated  by  the  Sun,  the  points  some- 
times  shine  almost  like  stars.     All  these  alternations  of 
light  and  shade  affect  an  iodized  plate,  and,  with  strong 
magnifying  powers,  are  represented  on  Daguerreotypes  with 
admirable  fidelity.     I  possess  myself  such  a  light-picture  of 
the  Moon,  of  two  inches'  diameter,  in  which  the  so-cafled 
seas  and  annular  mountains  are  clearly  recognised :  it  was 
prepared  by  a  distinguished  artist,  Mr.  Whipple,  of  Boston. 
If,  in  some  of  the  '^  seas"  (Crisium,  Serenitatis,  and  Hu- 
morum)  we  are  struck  with  the  circular  form,  we  find  the 
same  repeated  still  more  frequently,  and  indeed  almost  mri- 
versally,  on  the  mountainous  part  of  the  Moon's  disk,  par- 
ticularly in  the  configuration  of  the  enormous  masses  of 
mountain  which  fill  the  southern  hemisphere  from  the  pole 
nearly  to  the  equator,  where  the  mass  terminates  in  a  point. 
Many  of  the  aimular  mountains  and  wall-surrounded  plains 
(the  largest  containing,  according  to  Lohrmann,  above  a 
thousand  square  miles)  form  connected  series  running  in  the 
direction  of  meridians,  between  b°  and  40°  South  latitude 
(584)^     The  northern  polar  region  contains  comparatively 
a  very  small  proportion  of  these  crowded  mountain  rings; 
but  between  20°  and  50°  North  latitude,  near  the  western 
margin  of  the  northern  half  of  the  Moon's  disk,  they  form 
a   connected   group.     The   Mare  Frigoris   approaches  to 
within  a  few  degrees  of  the  North  Pole  itself ;  and  thus 
this  part,  like  the  whole  of  the  level  north-eastern  space, 
inclosing     only     a    small    number    of    isolated    annular 
mountains,    (Plato,  Mairan,  Aristarchus,  Copernicus,  and 
Kepler),  presents  a  great  contrast  to  the  more  mountainous 
Southern  Pole.     Near  the  latter,  lofty  summits  shine,  in  the 
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tricteat  sense  of  the  words,  throughout  whole  lunations 
n  "perjjetual  light;"  Ihey  are  triilj  "isknds  of  hght," 
and  can  be  recognised  with  very  low  magnifying  powers 

As  exceptions  to  the  generally  prevailing  lunar  type  of 
ciicnlar  and  annular  forms,  we  find,  almost  in  the  middle  of 
the  northern  half  of  the  Moon's  disk,  some  true  niouaitain- 
diains  {Apennines,  Caiicflsus,  and  Alps).  They  range  I 
nearly  from  south  to  north,  through  almost  32°  of  latitude» 
in  the  form  of  a  very  flattened  how  a  little  curved  towards 
the  west.  Here  we  see  countless  mountain  ridges,  and 
Mine  exceedingly  poiuted  summits  crowded  together.  Only 
■  few  annular  mountaius  and  crater -lite  depressions  {Conou, 
Hudley,  and  Calippus)  are  interspersed,  and  the  whole  re- 
sembles more  nearly  the  conformation  of  our  terrestrial 
nioDntain -chains.  The  lunar  Alps,  which  are  inferior  in 
elevation  to  the  lunar  Caucasus  and  Apennines,  present 
a  remarkably  broad  cross  valley,  which  iulersecta  the  chain 
from  S.E.  to  N.W.  It  is  surrounded  by  summits  which 
Wtpaas  in  altitude  the  Peak  of  Terierifl'e. 
A  comparison  between  the  elevations  on  the  Moon  and 
'flie  Earth,  viewed  relatively  to  the  diameters  of  the  two 
ies,  gives  the  remarkable  result,  that  while  the  satel. 
lile  is  four  times  less  than  the  planet,  its  highest  summits 
are  only  600  toises  (3837  Eng.  feet)  lower  than  the 
litest  summits  of  the  Earth ;  so  that  the  lunar  mountains 
"« TTT  of  the  Moon's  diameter,  and  the  terrestrial 
ffloiffitains  -^^  of  that  of  the  Earth.  Of  the  1095 
Elevations  which  have  beeu  measured  on  the  Moon,  I  find 
3C  Bhich  are  higher  than  Mout  Blanc,  and  6  above  1 8000 
*wis  feet  (19184  English).  The  measurements  are  made 
iber  by  determining  tbe  distauce,  reckoned  from  the  limit 


864  SPECIAL  RESULTS  IN  THE  UBAN0L06ICAX 

between  the  bright  and  dark  parts  of  the  Moon^  of  tl^ 
illominated  mountain  summits  appearing  as  points  of  ligkrr: 
on  the  dark  part,  or  by  the  length  of  the  shadows.    Tfc^ 
first  method  was  that  employed  by  Galileo,  as  is  Gvii&tjt 
from  his  letter  to  Pater  Grienberger  on  the  Montuosit^  deZ/a 
Luna. 

According  to  Madler's  careful  determinations  made 
by  measuring  the  lengths  of  the  shadows,  the  culminating 
points  of  the  Moon  near  the  southern  ma^n,  very  near 
to  the  pole,  are,  in  descending  series  —  Dorfel  and  Leib- 
nitz, 3800  toises  (24300  English  feet);  the  annular  moun- 
tain, Newton,  where  a  part  of  the  deep  excavation  is  never 
shone  upon  either  by  the  light  of  the  Sun  or  that  of  the 
Earth,  3569  toises  (22822  Eng.  feet) ;  Gasatus,  east  of 
Newton,  3569  toises  (22822  Eng.  feet) ;  Calippus,  in  the 
Caucasus  chain,  3190  toises  (20400  Eng.  feet) ;  and  the 
Apennines  between  2800  and  3000  toises  (17900  and 
19180  Eng.  feet).  It  must  here  be  remarked,  that,  from 
the  total  want  of  a  general  zero  line  of  level  (a  plane  equi- 
distant from  the  centre  of  the  body,  like  the  surface  of  the 
sea  in  our  own  planet),  the  absolute  heights  are  not  strictly 
intercomparable :  the  six  numerical  results  given  above 
express,  properly  speaking,  only  the  differences  between  tie 
summits  and  the  nearest  plains  or  low  points  (^®7).  It  is 
certainly  a  striking  circumstance  that  Galileo  attributed  to 
the  highest  mountains  in  the  Moon  an  elevation  of  ^'incirca 
miglia  quatro^' — about  four  geographical  miles  of  60  to 
the  terrestrial  equatorial  degree,  or  3800  toises,  the  height  ac- 
tually assigned  above  to  the  lunar  mountains  Dorfel  an^ 
Leibnitz.  According  to  the  hypsometric  knowledge  possessed 
by  him,  Galileo  estimated  this  height  as  superior  to  that  of 
any  terrestrial  mountain. 
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An  exceediTigly  curious  and  enigmaticiii  pliffinomeuon  in 
tlie  surface  of  our  satellite,  and  one  which  seems  to  belong 
to  an  optical  effect  ol  luminous  rellcctiou,  and  not  to  a.  h^-p- 
aometric  differenccj  is  presented  by  tiie  narrow  streaks  of 
light  wliich  disappear  in  an  oblique  iUumination,  aud,  con- 
trary to  the  lunar  spots,  are  most  visible  in  the  full  moon, 
These  streaks  form  radiating  systems.  They  are  not  luies  of 
nmuntaina,  they  do  not  cast  any  siiadows,  and  they  run  in 
uniform  intensity  of  light  from  the  plains  to  elevations 
twelve  OF  thirteen  thousaud  feet  and  upwards.  The  most 
atensive  of  these  radiating  systems  is  that  wliich  proceeds 
from  T}'eho,  aud  in  which  more  than  a  hundred  streaks  of 
light,  mostly  of  several  miles  in  breadth,  can  be  distin- 
guished. Similar  systems,  surrounding  Mounts  Aristarchus, 
Kepler,  Copernicus,  and  the  Carpathians,  are  fdmost  all 
wmiected  with  each  other.  It  is  diftieult  to  conjecture 
from  analogy  or  induction  what  is  the  particular  alteration 
of  surface  which  occasions  these  bright  shining  bands, 
radiating  from  particular  annular  mountains. 

the  circular  type — which  we  have  ab-eady  noticed  as 
pferailing  almost  everywhere  upon  the  Moon's  surface,  {in 
'be  wali -surrounded  plains  which  often  inclose  central 
niouiitaiiis,  and  in  the  great  annular  mountaius  and  their 
(miers,  of  which  Zi  have  been  counted  in  Bayer,  and  33  in 
Albiilegtiius,  crowded  closely  together) — gave  occasion  to 
toe  profound  thinker,  Robert  llooke,  to  seek  for  tlie  cause 
of  this  phenomenon  in  the  reaction  of  the  interior  of  the  I 
Mooii  against  its  exterior ;  or,  as  lie  eiprcssed  it,  as  "  the 
i^ffeot  of  subterranean  firea  and  elastic  vapours  breaking 
foitli  even  to  ebullition,  sending  n^i  to  the  surface  bubbles 
s."     EsMriments  by  boiling  thick  calcareous  solu- 
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tions  appeared  to  him  to  confirm  his  view ;  and  the  circnin- 
vallations  with  their  central  mountains  were  compared  by 
him  to  '•  the  forms  of  Etna,  the  Peak  of  Teneriffe,  Heda, 
and  the  volcanoes  of  Mexico  described  by  Gage"  {^^), 

Galileo,  as  he  himself  relates,  had  been  reminded,  by  a 
circular  wall-surrounded  plain  in  the  Moon  (probably  from 
its  magnitude),  of  the  configuration  of  entire  countries  sur- 
rounded by  mountains.  I  have  found  a  passage  (^^9)  in  which 
he  compares  these  lunar  forms  with  the  great  closed  basin  of 
Bohemia.  In  fact,  several  of  the  circular  wall-surrounded 
plains  of  the  Moon  are  but  little  less  extensive,  for  they  have 
diameters  of  from  25  to  30  German  geographical  miles 
(100  to  120  English)  (S^o).  On  the  other  hand,  the  proper 
annular  or  ring  mountains  scarcely  exceed  2  or  3  German 
(8  to  12  Eng.)  geographical  miles  in  diameter,  Gonon  in 
the  Apennines  is  8  English  geographical  miles  across ;  and  a 
crater  belonging  to  the  brightly  shining  district  of  Aristar- 
chus  has  even  a  diameter  of  only  400  toises  (or  about  450 
yards),  just  half  the  breadth  of  the  crater  of  Ruchu-Pichincha 
in  the  mountains  of  Quito,  measured  trigonometrically  by 
myself. 

As  we  are  here  dwelling  on  comparisons  with  well-known 
terrestrial  phsenomena  and  dimensions,  it  is  the  proper  place 
to  remark  that  in  this  view  the  greater  part  of  the  wall- 
surrounded  plains  and  annular  mountains  of  the  Moon  may 
be  most  directly  regarded  as  "  craters  of  elevation,  without 
continuous  phaenomena  of  eruption,^'  in  the  sense  of  Leopold 
von  Buch's  geological  hypothesis.  What,  according  to  the 
European  standard,  is  called  large  on  the  terrestrial  surface 
— the  craters  of  elevation  of  Rocca  Monfina,  Palma,  Tenc- 
riflfe,  and  Santorin — are  indeed  altogether  inconsiderable  as 


PORTION  OF  THE  COSMOS. — THE  PLAHETS. 

coinjmred  with  Ptolemy,  llipparchua,  and  man_y  otlier  lunar 
toruis.  In  breadtli,  Palma  is  only  «800  toises  (24300  Eug. 
fet) ;  Santorin,  according  to  Captain  Graves's  recent  det€i- 
mination,  5200  toises  (■'33230  Eng.  feet)  ;  andTeneriffe,  at 
tlic  utmost,  7600  toises  (iStiOO  Eug.  feet),  or  ouly  ^th  or 
ith  of  the  breadths  of  the  two  above-named  lunar  craters. 
The  small  craters  of  the  Peak  of  Tencriffe  and  Vesuvius 
[little  more  than  tliree  or  four  hundred  feet  iu  diameter) 
tould  hardly  be  discernible  through  telescopes.  In  by  far 
'he  greater  numher  of  cases  tlie  annular  mountains  are 
destitute  of  any  central  mount;  and,  where  such  exist, 
fe  are  described  as  dome-shaped  or  flattened  (as  Hevehos 
wd  Macrobius),  not  as  cones  of  eruption  with  openings 
('").  I  here  mention,  solely  on  account  of  the  historical 
interest  which  may  attach  to  them,  the  accounts  given  of  the 
bnniing  volcanoes  supposed  to  have  been  seen  on  the  dark 
tide  of  the  Moon  on  the  4th  of  May,  1783,  and  the  lumi- 
Eoni  appearances  in  Plato  observed  by  Bianchini  (16lh 
Aag.  1725)  and  by  Short  (22d  April,  1751).  The  causes 
of  the  illusion  have  long  since  been  ascertained.  They 
Iwlong  to  the  more  vivid  earth-light  reflected  by  particular 
Portions  of  the  surface  of  our  planet  upon  the  dark  side  of 
tlieMoon  (=32). 

It  has  been  remarked,  and  doubtless  with  much  reason, 
^t,  from  the  absence  of  water  ou  the  moon — {the  "  rills," 
'liicli  are  very  narrow,  and  in  most  cases  rectilinear 
^pressions  (*^),  are  not  rivers) — we  may  imagine  its  sur. 
'"w  to  bear  a  general  resemblance  to  that  of  the  Earth  iu 
its  primitive  or  more  ancient  condition,  before  the  deposit 
"f  shelly  sedimentary  strata,  or  the  formation,  transporta- 
^,  and  distribution  of  alluvium  by  the  eoutiimed  action 
X  i 
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of  tides  and  currents.     (The  absence  of  seas  in  the  Moon 
forbids  the   supposition   of  tides  raised  by  the  Sun  ani 
Earth.)     The  most  that  we  can  suppose  would  be  small  de-* 
posits  of  detritus  resulting  from  friction.     In  our  mouit.^ 
tain-chains  upheaved  over  fissures^  we  are  also  gradually 
beginning  to  recognise  here  and  there  partial  groupings  of 
elevations^  formings  as  it  were^  egg-shaped  basins.    Ho^ 
entirely  different  would  the  Earth's  surface  appear  to  us,  if 
we  saw  it  stripped  of  the  sedimentary  and  tertiary  forma* 
tions^  and  of  all  alluvial  deposits  ! 

The  Moon,  far  more  than  all  the  other  planetary  bodies, 
diversifies  and  enlivens  the  aspect  of  the  firmament  in  «very 
zone  by  its  varying  phases  and  more  rapid  change  of  posi- 
tion relatively  to  the  fixed  stars ;  while  man,  and  even  the 
beasts  of  the  forest  (^^)  (especially  in  the  primeval  foresfa 
of  the  torrid  zone)  ,rejoice  in  its  mild  lustre.  By  the  attracting 
force  which  it  exerts  in  conjunction  with  the  Sun  it  •comma- 
nicates  motion  to  our  seas,  and,  by  the  periodical  raising  of 
their  surfaces  and  the  eroding  action  of  the  tides,  graduaDy 
modifies  the  outKnes  of  our  coasts,  impedes  or  favours  man's 
labours,  and  furnishes  the  greater  part  of  the  materials  rf 
which  sandstones  and  conglomerates  are  composed,  these  last 
being  again  covered  in  their  turn  by  the  loose  rounded  partides 
which  form  alluvium  (s^^).     Thus  the  Moon,  as  one  of  the 
"  sources  of  movement*'  on  the  terrestrial  surface,  influences 
continually  the  geognostic  features  of  our  planet. 

The  incontestible  action  (^96)  of  our  satellite  on  atmo- 
spheric pressure,  aqueous  precipitations,  and  the  dispersion 
of  clouds,  will  be  treated  of  in  the  latter  and  purely  tellnric 
portion  of  the  Cosmos. 
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Mars. 

The  diameter  of  this  planet  is  892  German,  or  3568 
English  geographical  miles,  (being  only  0'519  of  the  Earth's 
diameter,  notwithstanding  its  considerably  greater  solar 
distance).  The  excentricity  of  its  orbit  is  0-0932168; 
being,  nest  to  that  of  Mercury,  the  greatest  among  the 
old  planets.  This  circomstauce,  together  with  its  prod- 
mity  to  the  Earth,  rendered  it  the  best  adapted  to  lead  to 
Kepler's  great  discovery  of  the  elliptic  orbiia  of  the  pla- 
nets. The  rotation  of  Mars  {^^'^)  is,  according  to  Mudler 
and  Wilhelm  Beer,  24  hours,  37  minutes,  and  23  seconds. 
The  sidereal  period  of  resolution  round  the  Sun  is  1  year, 
821  days,  17  hours,  30  minutes,  41  seconds.  The  inclinn- 
lion  of  the  orbit  of  Mars  to  the  terrestrial  Equator  is  24''' 
■14i'  24" ;  the  mass  of  the  planet  jfBria-at  i  "^"^  ^^^  density, 
in  companion  witli  that  of  the  Earth,  0'958.  As  the  great 
approximation  of  Encke's  comet  was  made  use  of  for  in- 
vestigating the  mass  of  Mercury,  bo  the  mass  of  Mars  will 
some  day  be  ascertained  with  greater  accuracy  by  the  ptr- 

Prbations  which  it  may  cause  in  the  movements  of  De 
oo's  comet. 
The  compression  of  the  planet  Mars  at  its  poles,  which, 
singularly  enough,  was  always  doubted  by  the  great  astro- 
uomer  of  Koiiigsberg,  was  first  recognised  by  Wilham 
Her«;hel  in  1784.  In  respect  to  the  amount  of  the  ellip- 
tjcitj,  however,  uncertainty  long  prevailed,  William  Her- 
schel  gave  it  as  yij-j  according  to  Arago's  more  exact 
measurement  (*98)  with  a  prismatic  telescope  of  Rochoii, 
it  wonld  be  much  less :  in  1824  he  found  it  as  ISO  1 194, 
or  3-jVj  and,  by  a  later  measurenaent  in  1847,  it  was  found 
fg,     Arago,  however^  is  inclined  to  beheve  that  the  com- 
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pression  is  somewhat  greater  than  either  of  the  two  last- 
named  quantities. 

If  the  study  of  the  surface  of  the  Moon  reminds  us  of 
many  geognostical  relations  in  the  surface  of  our  own  planet, 
the  analogies  with  the  Earth  which  Mars  presents  are,  on  the 
other  hand,  entirely  of  a  meteorological  kind.  On  the  disk 
of  Mars  (besides  the  dark  spots,  of,  which  some  are 
blackish,  others — very  few  in  number,  however — orange 
(^^),  and  surrounded  by  what  are  called  "  seas*^  {^) 
of  the  contrasted  colour,  green)  at  the  two  poles  of 
the  axis  of  rotation,  or  it  may  be  at  the  poles  of 
cold  in  their  vicinity,  are  two  white  snow -bright  patches 
(601)^  These  were  noticed  as  early  as  1716  by  Philip 
Maraldi;  but  their  connection  with  climatic  variations  in 
the  planet  was  first  described  by  the  elder  Herschelin  1784, 
in  the  74th  volume  of  the  Philosophical  Transactions.  The 
white  spots  become  alternately  larger  or  smaller  as  the  pole 
approaches  its  winter  or  its  summer.  Arago  has  measured 
with  his  polariscope  the  intensity  of  the  light  of  these  snowy 
zones,  and  has  found  it  twice  as  great  as  that  of  the  light  of 
the  remainder  of  the  disk.  The  ^' Physico-astronomical 
Contributions'*  of  Madler  and  Beer  contain  some  excellent 
graphical  representations  {^^^)  of  the  northern  and  southern 
hemispheres  of  Mars,  in  which  this  remarkable  phseno- 
menon,  unique  so  far  as  our  knowledge  extends  in  the  entire 
planetary  system,  is  shown  in  its  relations  of  measure,  in  all 
the  variations  through  which  it  passes  under  the  influence 
of  the  change  of  seasons  and  the  powerful  action  of  the 
polar  summer  in  melting  the  snow.  Careful  observations 
continued  for  ten  years  have  also  taught  us  that  the  dark 
spots  of  Mars  retain  constantly  both  their  forms  and  their 
relative  positions  on  the  planet.     The  periodical  enlaige- 
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nent  of  the  snowy  districts, — being  a  meteorologion!  phaano- 
neuon  implying  aqueous  precifiitations  dependent,  as 
espects  tlieir  character,  on  changes  of  temperature, — and 
lome  optical  phienomena  presented  by  IIle  dark  spots  when 
■he  rotation  of  the  planet  brings  them  to  the  margin  of  the 
iisk,  render  the  existence  of  an  atmosphere   of  Mars  more 


r  The  Small  Planets. 

In  the  general  considerations  (^'•3)  un  planetary 
iwdiea,  we  have  already  designated  the  group  of  the  small 
planets  (Asteroids,  Planetoids,  CoplaTiets,  or  telescopic  or 
altra-zodiacfll  planets)  intermediate  between  Mara  and 
Jujiiler  as  a  middle  gToup,  forming  in  some  degree  a 
^iiiding  zone,  separating  the  solar  domain  into  an  inner 
Slid  an  outer  portion — the  one  comprising  the  four  interior 
planets,  Mercury,  Venus,  Earth,  and  Mars;  and  the  other  the 
four  exterior  planets,  Jupiter,  Saturn,  Uranus,  and  Neptune. 
IliiB  middle  group  baa  a  liighly  distinct  character  of  its  own, 
ill  the  intricate  or  intersecting,  highly  inclined,  and  very 
Qoentric  orbits  of  the  planets  of  which  it  consists;  and 
•lioin  their  estraordinary  amallness,  as  the  diameter  even  of 
Vetta  does  not  appear  to  equal  the  fourth  part  of  that  of 
Kercttry.  "When  the  first  volume  of  Kosmos  appeared  in 
Gamany  in  1845,  only  4  of  the  small  planets — Ceres, 
Mlas,  Jano,  and  Yesta,  discovered  by  Piazzi,  Olbers,  and 
Bwaiiig  {Ist  Jan.  1801  to  89th  March,  1807)— were 
Ikiwii  to  us.  At  the  present  moment  (-fuly  1851)  the 
'Qmber  has  increased  to  14,  being  one-third  of  the  number 
f  til  tbe  known  planetary  bodies — i.  e.  48  primary  planets 
nd  fl^teUites. 
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Within  the  solar  domain^  the  attention  of  observers  iras 
long  directed  to  the  augmentation  of  the  members  of  par- 
tial systems  (the  moons  or  satellites  revolving  around  tie 
primary  planets),  and  to  the  discovery  of  new  planets  in  the 
remote  regions  beyond  Satom  and  Uranus.  Since  the  acci- 
dental discovery  of  Geres  by  Piazzi^  and  more  especially  sinoe 
the  systematically-planned  discovery  of  Astrsea  by  Hencke,  a 
well  as  since  the  great  improvement  in  star-maps  {^^)  (those 
of  the  Berlin  Academy  contain  all  stars  of  the  9th  and  many 
of  the  10th  magnitude),  there  is  opened  to  astronomical 
activity  in  a  nearer  r^on  of  the  Universe,  a  rich  and 
perhaps  almost  inexhaustible  field  of  research.  It  is  a  dis- 
tinguishing merit  of  the  Astronomical  Jahrbuch  or  Almanae, 
published  in  my  paternal  city  by  Enc^e,  Director  of  the 
Berlin  Astronomical  Obsemtory,  with  the  cooperation  of 
Dr.  Wolfers,  that  the  Ephemerides  of  the  increasii^ 
host  of  the  small  planets  are  treated  in  it  with 
peculiar  fulness.  Hitherto  the  region  nearest  to  the  orbit 
of  Mars  appears  the  most  fully  occupied;  but  already 
'^the  breadth  of  the  entire  zone,  as  given  by  the  diffe- 
rence between  the  Badii  Vectores  of  the  nearest  pcri- 
hehon  (Victoria),  and  of  the  farthest  aphelion  (Hygda), 
considerably  exceeds  the  distance  of  Mars  fiam  the  Son" 

(605). 

I  have  already  noticed  (^  the  large  amount  of  the  ex- 
cenlaicity  of  the  orbits  of  the  small  planets^-of  which  the 
least  are  those  of  Ceres,  Egeria,  and  Vesta,  and  the  greatest 
those  of  Juno,  Pallas,  and  Iris — as  well  as  the  iDclinations 
of  the  orbits  to  the  Edipfcic,  ranging  from  Pallas  84^  37', 
and  Egeria  16°  33',  to  Hygeia  3°  47'.  I  here  subjoin  a 
tabular  view  of  the  elements  of  the  small  planets^  for  which 
I  am  indebted  to  my  friend  Dr.  Galle. 
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The  mutual  relations  of  the  orbits  of  the  asteroids 
the  combinations  of  the  orbits  have  formed  the  subject  of 
ingenious  investigations,  first  (1848)  by  Gould  (^7),  and 
quite  recently  by  D' Arrest.  The  latter  says  {^^^),  "  it  ap- 
pears to  testify  in  favour  of  a  real  or  inherent  connection 
between  all  the  members  of  the  entire  group  of  the  small 
planets,  that,  if  we  figure  to  ourselves  the  natural  dimen- 
sions of  their  orbits  as  forming  actual  material  rings,  these 
rings  are  all  so  interUnked,  that,  by  taking  hold  of  any  one, 
all  the  others  would  be  lifted  by  or  found  suspended  on  it. 
If  Iris,  discovered  by  Hind  in  August  1847,  had  accidentally 
remained  unknown  to  us — as  doubtless  is  still  the  case  with 
many  other  planetary  bodies  in  that  region — ^the  gronp 
would  consist  of  two  separate  parts : — a  circumstance  which 
must  appear  the  more  unexpected,  because  the  zone  of  the 
solar  system  occupied  by  these  planets  is  a  wide  one." 

We  cannot  take  our  leave  of  this  wonderful  and  nume- 
rous planetary  group,  without  alluding,  even  in  this  frag- 
mentary description  of  the  several  members  of  the  solar 
system,  to  the  bold  views  of  a  highly-gifted  and  deeply 
investigating  astronomer,  respecting  the  origin  of  the  aste- 
roids and  their  mutually  intersecting  orbits.  A  result 
derived  from  Gausses  calculations — that  Ceres,  in  her  ascend- 
ing passage  through  the  plane  of  the  orbit  of  Pallas,  comes 
exceedingly  near  the  latter  planet — led  Olbers  to  conjecture, 
that  "  possibly  these  two  planets  might  be  fragments  of  a 
single  large  planet  formerly  occupying  the  wide  interval 
between  Mars  and  Jupiter,  but  since  destroyed  by  some 
natural  force  or  catastrophe ;  and  that  we  might  expect  to 
discover  in  the  same  region  more  such  fragments  describing 
an  elliptic  orbit  round  the  Sun^'  (609). 
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The  possibility  of  determiuiDg  by  ciilculntion,  even  ap- 
proximately, the  probable  epoch  of  such  a  cosmical  event, 
Tfbich  should  also  be  that  of  the  origiu  of  the  small  planets, 
is  more  than  doubtlul,  seeing  the  complications  arising 
from  the  great  number  of  the  supposed  "  fragments"  with 
»liich  we  are  already  acquaiaited,  the  secular  retrogression  a 
o[  the  apsides,  and  the  movement  of  t}ie  nodal  lines  (*'°). 
Olbers  marked  tlie  region  of  the  nodal  line  of  the  orbits  of 
Ceiea  and  Pallas  as  corresponding  to  the  northern  wing  of 
Tirgo  and  to  the  constellation  of  Cetus.  In  the  last-named 
Hmatellation,  scarcely  two  years  later,  Jimo  was  discovered 
by  Harding — accidentally,  however — in  the  course  of  the 
eonitruction  of  a  star  catalogue ;  in  the  former,  after  a  long 
f?e  years'  search  directed  by  the  hypothesis,  Olbers  himself 
discovered  "Vesta,  This  is  not  the  place  for  deciding  whether 
ttase  two  results,  standing  by  themselves,  are  sufficient  to 
support  the  hypothesis.  The  cometary  mists  or  nebulosities, 
in  which  the  small  planets  were  at  first  imagined  to  be  enve- 
kped,  have  disappeared  before  the  examinations  made  with 
more  perfect  instruments.  Olbers  attributed  the  conside- 
isble  alterations  of  light  to  which  these  planets  were  supposed 
to  be  subject,  to  their  irregular  figure  as  "fragments  of  a 
diarapted  pknet"  (S"). 

Jupiter. 

Jupiter's  mean  distancfl  from  the  Sun  is  5'2027(J7  in 
psrts  of  the  Earth's  mean  solar  distance.  The  true  mean 
(iiameter  of  this  largest  of  all  the  planets  is  lW29ij  German, 
or  77176  English  geographical  miles, — equal,  therefore,  to 
ir555  diameters  of  the  Earth,  and  about  Jth  more  than 
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the  diameter  of  the  remoter  Saturn.  The  sidereal  revolu- 
tion of  Jupiter  round  the  Sun  is  performed  in  11  jears, 
314  days^  20  hours,  2  minutes^  and  7  seconds.  The  dlip- 
ticity  of  its  figure  or  compression  at  the  poles^  according  to 
the  prismatic  micrometer  measurements  of  Arago^  (lie 
result  of  which  was  transferred  in  1824  into  the  Expositbn 
du  Syst^me  du  Monde  (p.  38),  is  as  167  :  177,  oryfyj 
which  agrees  very  nearly  with  the  kter  investigations  (1889) 
of  Beer  and  MSdler  l^^^),  who  found  it  between  ^,y  and-j+T* 
Hansen  and  Sir  John  Herschel  prefer  -^V*  The  eadkst 
observation  of  Jupiter's  ellipticity  by  Dominique  Qassini  wu 
prior  to  the  year  1666,  as  I  have  already  recalled  elsewhere. 
This  circumstance  has  a  peculiar  historical  interest,  from  the 
influence  which,  as  has  been  acutely  remarked  by  Sir  Dsfid 
Brewster,  it  may  have  exercised  on  Newton's  ideas  respect- 
ing the  figure  of  the  Earth.  The  Principia  Philosophise 
Naturalis  seems  to  afford  indications  favourable  to  such  a 
supposition ;  but  the  dates  at  which  the  Principia  and  Cas- 
sini^s  observations  of  the  equatorial  and  polar  diameters  of 
Jupiter  were  respectively  published,  might  occasion  some 
chronological  doubts  on  the  subject  {^^^). 

As  the  mass  of  Jupiter  is,  next  to  the  mass  of  the  Son,  the 
most  important  element  in  the  whole  of  our  planetary  system, 
its  more  exact  determination  in  recent  times  by  Airy  (1884), 
by  means  of  the  perturbations  of  Juno  and  Vesta,  as  well 
as  by  the  elongation  of  Jupiter's  satellites,  especially  the 
4th  (^^*),  must  be  regarded  as  one  of  the  advances  in 
calculating  astronomy  most  fruitful  in  consequences.  The 
effect  of  the  corrections  obtained  is  to  augment  the  mass 
of  Jupiter,  and  to  diminish  that  of  Mercury.     The  mass  of 
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Jupiter,  including  his  four  satellites,  as  now  known  to  ua, 
is  -nrrrTTTf  whilst  in  1824  Laplace   still  considered  it 

The  rotation  of  Jupiter  is  performed,  according  to  Airy, 
in  Q\  55",  2l°"3,  mean  solar  time.  Dominique  Cassini,  iu 
1665,  had  found  it  to  be  between  9''  SS""  and  9''  56",  by 
means  of  a  spot  which  continued  to  be  visible  on  the  disk 
of  the  planet  for  several  years,  and  even  as  late  as  1691, 
preserving  always  the  same  colour  and  outline  (*'^).  The 
spots  seen  on  Jupiter  are,  in  most  cases,  darker  than  the 
streaks  or  hands  called  Jupiter's  belts.  They  do  not,  how- 
ever, appear  to  belong  to  the  actual  surface  of  the  planet; 
for  it  has  occasionally  been  found  that  some  spots,  near  the 
poles  more  particularly,  gave  a  different  time  of  rotation 
from  ihat  given  by  others  in  the  equatorial  regions.  Ac- 
cording to  a  very  esperieueed  observer — Heinrich  Schwabe, 
ftt  Dessau — the  dark,  more  definitely  bounded,  spots  in  the 
iwo  grey  belts  bordering  the  Equator  have  been  seen  for 
several  successive  years  exclusively  in  one  of  the  belts  only, 
^  one  time  in  the  southern,  and  at  another  in  the  northern 
belt.  The  process  of  formation  of  these  spots  is  therefore 
tubject  to  ciiange  in  respect  of  place.  Occasionally  (it  was 
so,  according  toSchwabe's  observations,  in  November  1834} 
the  spots  of  Jupiter,  viewed  with  a  magnifying  power  of  280 
in  a  Fraunhofer's  telescope,  resemble  small  spots  on  the  Sun 
having  nuclei  surrounded  by  penumbras ;  but  even  then 
their  degree  of  blackness  is  less  than  that  of  the  shadows 
of  the  satelhtes.  The  nucleus  is  probably  a  part  of  the 
y  of  the  planet  itself;  and  when  the  atmospheric  opening 
h  which  it  is  seen  maintains  its  place  above  the  same 
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j)oint,  the  motion  of  the  spots  gives  the  true  time  of  tota- 
tion.  These  spots  sometimes  divide  into  two  or  more,  also 
resembling  in  this  respect  the  spots  of  the  Sun,  as  was 
already  recognised  by  Dominique  Cassini  in  1665. 

In  the  equatorial  zone  of  Jupiter  there  are  two  broad  prin- 
cipal bands  or  belts  of  a  grey  or  greyish-brown  colour,  which 
become  paler  towards  the  edges,  and  gradually  fade  away 
altogether.     Their  boundaries  are  very  unequal  and  variable, 
and  they  are  separated  from  each  other  by  an  intermediate 
quite  bright  equatorial  streak.     Towards  both  poles,  also, 
the  entire  surface  is  covered  with  many  narrower,  paler, 
often  interrupted,  and  even  delicately-branched  streaks  or 
bands,  always  parallel  to  the  Equator.      ^*  These  pheno- 
mena,^^  says  Arago,   "are  most  easily  explained  by  the 
hypothesis  of  an  atmosphere  partially  obscured  by  strata  of 
clouds,  but  which,  in  zones  adjacent  to  the  Equator,  is  freed 
from  obscuring  vapours,  and  rendered  diaphanous — ^probably 
by  the  effect  of  trade- winds.     Since  (as  was  already  assumed 
by  William  Herschel,  in  a  memoir  which  appeared  in  1793, 
in  the  83d  volume  of  the  Philosophical  Transactions)  the 
surface  of  clouds  reflects  a  more  intense  light  than  the  sur- 
face of  the  planet  itself,  so  the  part  of  the  surface  which  ve 
see  through  the  clear  air  must  appear  darker  than  the  cloudy 
strata  which  reflect  much  light.   Therefore,  grey  (or  dark)  and 
bright  bands  alternate  with  each  other :  when  the  visual  ray 
from  the  eye  of  the  observer  is  directed  at  small  angles 
obliquely  towards  the  margin  of  the  planet,  the  grey  bands 
are  seen  through  a  more  considerable  and  thicker  mass  of 
atmospheric  strata,  reflecting  a  greater  quantity  of  light, 
and  appear  less  dark  as  they  recede  from  the  centre  towards 
the  margin"  (^17), 
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Satellites  of  Jupiter, 

\i  the  brilliant  epoch  of  Galileo,  the  just  view  was  already 
pounded,  that  the  subordinate  system  of  Jupiter  pre- 
ted,  in  regard  to  many  relations  of  time  and  space,  an 
ige  or  picture,  on  a  smaller  scale,  of  the  entire  solar  or 
netary  system.  This  view,  which  then  spread  rapidly, 
[ether  with  the  discovery  of  the  phases  of  Venus  which 
lowed  soon  afterwards  (February  1610),  contributed  much 
promote  the  more  general  reception  of  the  Copernican 
item.  The  four  satellites  of  Jupiter  are  the  only  group 
satellites  belonging  to  the  outer  planets  which  has  not 
seived  any  augmentation  since  the  epoch  of  its  first  disco- 
•y  (^^®)  (by  Simon  Marius,  on  the  29th  of  December, 
09),  a  period  of  nearly  two  centuries  and  a  half. 
He  following  Table  contains,  according  to  Hansen,  the 
ereal  periods  of  revolution  of  Jupiter's  satellites,  their 
an  distances  expressed  in  semi-diameters  of  the  central 
net,  and  the  mass  of  each  in  parts  of  the  mass  of  Jupiter : — 


itel- 
tes. 

Period  of  revo- 
lution. 

Distance 

from 
Jupiter. 

Diameter 
in  German 
geographi- 
cal miles. 

Mass. 

1 
2 
3 

1 

d.      h.    m. 
1     18    28 
3     13     14 
7       3     43 

16     16     32 

6049 

9  623 

15-350 

26-998 

529 
475 
776 
664 

00000173281 
00000232355 
00000884972 
00000426591 

[f 
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expresses  the  mass  of  Jupiter,  together  with 
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his  satellites^  the  mass  of  the  planet  alone^  without  the  satel* 
lites,  is  10  J6-65g>  or  only  about  -g-oW^l^  less. 

Comparisons  of  magnitude,   distance,  and  excentricity, 
with  the  satellites  of  other  planets  or  systems,  have  already 
been  given  in  an  earher  part  of  the  present  volume  (p.  838 
to  340).     The  intensity  of  the  light  of  the  four  sateUites 
of  Jupiter  is  not  proportional  to  their  volume;  for,  gene- 
rally speaking,  the  Sd  and  the  1st,  the  ratio  of  whose  magni- 
tudes according  to  their  diameters  is  as  8:5,  appear  the 
brightest,  and  the  2d,  which  is  the  smallest  and  densest  of 
the  satellites,  is  usually  brighter  than  the  larger  4th,  which 
is  considered  the  faintest  of  all.     Casual  or  temporary  fluc- 
tuations in  the  intensity  of  light  of  the  satellites,  which  have 
also  been  remarked,  have  been  ascribed  sometimes  to  alte- 
rations in  their  surfaces,  and  sometimes  to  obscurations  in 
their  atmospheres  (^^^).     They,  however,  all  appear  to  re- 
flect   a  more    intense    light    than    the    central    planet 
When  the  Earth  is  between  Jupiter  and  the  Sun,  and  the 
satellites,  therefore,  in  their  movement  from  east  to  west, 
appear  to  enter  the  eastern  margin  of  Jupiter,  and,  passing 
in  front  of  the  planet's  disk,  successively  cover,  to  our  eyes, 
different  portions  of  it,  they  can  be  recognised  in  their 
passage,  even  with  not  very  high  magnifying  powers,  as  thcj 
detach  themselves  "  in  brigW  from  the  disk.     It  becomes 
more  difficult  to  distinguish  the  satellites  as  they  approach 
the  centre  of  the  planet's  disk.     Prom  this  early-observed 
phaenomenon.  Pound,  Newton's  and  Bradley's  friend,  had 
already  inferred  that  the   disk  of  Jupiter  is   less  bright 
towards  the  margin  than  at  the  centre.     Arago  believes  that 
this  statement,  which  has  been  repeated  by  Messier,  pre- 
sents difficulties  which  require  to  be  solved  by  new  and  more 
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delicate  observations.  Jupiter  has  been  seen  witliout  any 
of  his  satellites  by  Molyneus,  in  November  1681 ;  by  Sir 
"WiHiam  Herschel  on  the  23d  of  May,  1802 ;  and  lastly  by 
Griesbftch,  on  the  27th  of  September,  1843.  Such  a  non- 
visibility  of  the  satellites  refers,  however,  only  to  the  apace 
eitenial  to  the  planet's  disk,  and  does  not  oppose  the 
theorem  that  all  the  four  satellites  can  never  be  eclipsed  or 
ocenlled  at  the  same  time. 


Prill 


Saturn. 


'  The  sidereal  or  true  period  of  revolution  of  Saturn  is 
Sfljears,  166  days,  23  hours,  16  minutes,  and  32  seconds. 
lis  mean  diameter  is  15507  Germaiij  or  62028  EugUsli  geo- 
grsphical  miles,  equal  to  9-022  diameters  of  tlieEarth.  The 
tune  of  rotation  of  Saturn,  derived  from  observations  of 
Slice  dark  spots  (knot-like  thickenings  or  condensations  of 
(lie  streaks)  {fi=")j  is  10  hours,  29  minutes,  17  seconds.  To 
tliia  great  velocity  of  rotation  roiinci  the  axis  there  corre- 
spoatls  a  great  compression  at  the  poles;  this  compression 
>K  determined  by  "William  Herschel,  in  1776,  at  -jV.^. 
Ittsel,  from  observations  more  accordant  with  each  other 
»iid  continued  for  three  years,  found,  at  the  mean  distance 
«ft!ie  planet  from  the  Earth,  the  polar  diameter  16"'381, 
Biiil  the  equatorial  diameter  17""053;  giving  an  elliplicitj 
T  compression  of  tV-i  (®^')-  Saturn  has  also  bauds  or 
Wts,  but  less  marked  and  somewhat  broader  than  those  of 
"'ipiter.  The  most  constant  is  a  grey  equatorial  band :  this 
*  followed  by  several  others,  which,  however,  have  varying 
'Uns,  indicating  an  atmospheric  origin.  Wilham  Herschel 
i  tliat  tliey  were  not  always  parallel  to  the  ring ;  and 
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they  do  iiot  extend  to  the  poles.      The  parts  of  the  disk 
adjacent  to  the  poles  present  a  very  remarkable  phfienomenon, 
consisting  in  a  variation  in  the  reflected  light,  dependent 
on  the  seasons  of  the  year  in  Saturn.      The  polar  regions 
shine  more  brightly  in  their  respective  winters, — a  phaeno- 
menon  which  reminds  us  of  the  varying  snowy  regions  of 
Mars, — and  which  did  not  escape  the  keen-sightedness  of 
William  Herschel.     Whether  this  increased  luminous  inten- 
sity may  arise  from  the  temporary  formation  of  snow  and  ic^ 
or  whether  it  may  be  attributed  to  an  extraordinary  accumu- 
lation of  clouds,  it  would  equally  indicate  eiBfects  produced 
by  changes  of  temperature  and  the  presence  of  an  atmo- 
sphere (622). 

We  have  already  stated  the  mass  of  Saturn  to  be  ^^Vr- 
from  this  amount,  and  from  its  great  comparative  vdmne 
(its  diameter  is  -J-  of  that  of  Jupiter),  we  infer  a  very  small 
degree  of  density,  diminishing  towards  the  surface.  If  tke 
density,  (which  is  -y^  of  the  density  of  water),  were  homo- 
geneous throughout,  the  compression  at  the  poles  would  be 
still  greater  than  it  is  observed  to  be. 

This  planet  is  surrounded  in  the  plane  of  its  equator  by 
at  least  two  detached  exceedingly  thin  rings,  situated  in  one 
and  the  same  plane :  they  have  a  greater  intensity  of  lij^t 
than  the  planet  itself,  and  the  outer  ring  is  brighter  than 
the  inner  one  (^23)^  The  division  of  what  had  been  recog- 
nised, in  1655,  by  Huygens,  as  a  single  ring  (6^*),  wasseoif 
indeed,  as  early  as  1675  by  Dominique  Cassini,  but  was 
first  described  with  exactness  by  William  Herschel  (1789— 
1792).  Since  they  were  first  remarked  by  Short,  finer  lines 
or  divisions  in  the  outer  ring  have  been  repeatedly  observedj 
but  these  lines  or  streaks  have  never  appeared  very  constant 
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Terr  recently,  in  the  latter  months  of  1850,  Bond,  at  Cam- 
ibfidge,  U.S.,  oil  the  11th  of  November,  with  the  great 
ictor  of  Merz  having  a  li-inch  object-glass,  and  Dawes, 
Uaidstoiie,  iu  England,  on  the  !l5th  of  November, — tliere- 
tJmost  simultaneously, — discovered  betwe<^n  the  second, 
itberto  called  the  inner)  ring,  and  the  planet  itself,  a  third 
terjr  faintly  illuminated,   darter  ring.      It  ia  dividecl  from 
Die  second  ring  by  a  black  line,  aud  Qlls  up  a  tliird  part  of 
^,    Ihe  apace  intervening  between  the  second  ring  and   tlie 
Hliliiiet,  which  has  hitherto  been  supposed  to  be  vacant,  and 
^HjnOQgb  which  Derham  thought  he  had  seen  small  stars. 
P    The  dimensions  of  the  divided  ring  of  Saturn  have  been 
determined  by  Bessel  and  Struve.      According  to  Stfuve, 
the  angle  subtended  by  the  external  diameter  of  the  outer- 
BWst  ring,  at  Saturn's  mean  distance,  is  40"'09, — equal  to 
3S300  German,  or  153200  English,  geographical  miles; — 
and  the  angle  subtended  by  the  internal  diameter  of  the  same 
riugis35"-29,— equal  to  33700 German,  or  134S00Enghsh, 
geographical  miles,     The  external  diameter  of  the  second 
ring  has   been   determined   at   34"'47 ;    and   its  internal 
liiameter  at  26"'67.    The  interval  which  separates  the  last- 
named  ring  from  the  surface  of  the  planet  is  given   by 
Struve  at  4""34.     The  entire  breadth  of  the  first  and  second 
ring   is   3700  German,   or  I-ISOO   English,  geographical 
miles ;  the  distance  of  the  ring  from  the  surface  of  Saturn 
is  about  5000  German,   or  20000  English,   geographical 
miles;  the  gap  which  separates  the  first  and  second  rings, 
and  which  is  indicated  by  the  black  line  of  division  seen  by 
Dominique  Cassini,  is  only  390  Gennan,  or  1560  English, 
geograpliical  miles.     The  thickness  of  these  rings  is  be- 
lieved not  to  exceed  20  German,  or  80  English,  geogra^ 
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phical  miles.  The  mass  of  the  rings  is^  according  to  Beseel, 
-p[-g-  of  the  mass  of  Satum.  They  present  some  (•^)  in- 
equalities, by  means  of  which  it  has  been  possible  to  obe^e 
approximately  their  time  of  rotation,  which  is  exactly  equal 
to  that  of  the  planet.  Irregularities  of  form  shew  them- 
selves in  the  "disappearances  of  the  ring,"  when  one  of  ik 
anses  usually  becomes  invisible  sooner  than  the  other. 

The  excentric  position  of  Saturn  in  respect  to  its  nn^ 
discovered  by  Schwabe,  at  Dessau,  in  September  1827,  i»& 
very  remarkable  phsenomenon.  The  body  of  tlie  plan^  is  a 
little  to  the  west  of  the  place  which  it  would  occupy  if  ft 
were  truly  concentric  with  the  surrounding  ring.  This  ob- 
servation has  been  confirmed  by  Harding,  Struve  (^^ej^  Jok 
Herschel,  and  South  (partly  by  micrometric  measuremeBts). 
Small,  apparently  periodical,  differences  in  the  amount  of 
the  excentricity,  which  have  been  found  from  series  of  cor- 
responding observations  by  Schwabe,  Harding,  and  de  Tico 
at  Eome,  are  perhaps  due  to  oscillations  of  the  centre  of 
gravity  of  the  ring  round  the  centre  of  the  planet.  It  is  a 
curious  and  striking  circumstance,  that  so  early  as  the  end 
of  the  17th  century,  an  ecclesiastic  of  Avignon,  Gallet, 
attempted  without  success  to  call  the  attention  of  tie 
astronomers  of  that  period  to  the  excentric  position  of 
Saturn  (^^^).  With  a  density  diminishing  towards  the  sur- 
face, and  so  exceedingly  small, — perhaps  scarcely  •§-  of  that 
of  water, — it  is  difficult  to  make  to  ourselves  any  represen- 
tation of  the  molecular  state,  or  material  quality  or  consti- 
tution of  the  body  of  the  planet ;  or  even  to  decide  whether 
this  constitution  should  actually  suppose  fluidity  (i.  e.  mo- 
bility of  the  smallest  particles  inter  se),  or  rigidity,  (accord- 
ing to  the  often  adduced  analogies  of  deal,  pumice,  cork,  or 
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soKdified  fluid,  as  ice).  The  astronomer  of  Krusenstera's 
ipedition.  Homer,  terms  the  ring  of  Saturn  a  series  of 
loads;  and  would  make  the  mountains  of  Saturn  to  consist 
)f  masses  and  vesicles  of  vapour  (^2®).  Conjectural  astro- 
lomy  has  here  a  wide  and  legitimate  field  in  which  to  exer- 
ase  itself  freely.  Of  a  wholly  different  kind  are  the  severer 
speculations,  based  on  observation  and  on  analytical  calculus, 
of  two  distinguished  American  astronomers,  Bond  and 
Pierce,  respecting  the  possibility  of  the  "stability'^  of 
Saturn's  ring  (^2^).  They  both  agree  in  pronouncing  in 
favour  of  a  state  of  fluidity,  and  also  in  favour  of  a  continual 
liability  of  form  and  of  divisibility  in  the  outer  ring.  The 
maintenance  of  the  general  configuration  is  regarded  by 
Pierce  as  dependent  on  the  influence  and  position  of  the 
satellites,  as  without  this  dependence,  even  admitting  in- 
equalities in  the  ring,  the  equilibrium  could  not  be  preserved. 


Satellites  of  Saturn. 

The  five  oldest,  or  longest  known,  satellites  of  Saturn, 
were  discovered  between  the  years  1655  and  1684  (Titan, 
the  sixth  in  distance,  by  Huygens,  and  four  by  Cassini,  viz. 
Japetus,  the  outermost  of  all,  Ehea,  Tetliys,  and  Dione). 
These  discoveries  were  followed,  in  1789,  by  that  of  the  two 
satellites  nearest  to  the  primary  planet  (Mimas  and  Ence- 
ladus),  by  William  Herschel.  Lastly,  the  7  th  satellite, 
Hyperion,  the  last  but  one  in  point  of  distance,  was  disco- 
vered in  September,  1848,  almost  simultaneously,  by  Bond, 
at  Cambridge,  U.S.,  and  by  Lassell,  at  Liverpool.  I  have 
iefore  treated  in  this  work  (Kosmos,  Bd.  i.  S.  102,  and 
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Bd.  iii.  S.  463 ;  English  edit.  Vol.  i.  p.  89,  aud  Vol.  E 
p.  340)  of  the  relative  magnitudes  and  distances  in  this 
system  of  satellites.  The  periods  of  revolution  and  meui 
distances^  the  latter  expressed  in  parts  of  the  equatorial 
semi-diameter  of  Saturn,  according  to  the  observations 
of  Sir  John  Herschel  at  the  Cape  of  Good  Hope(^) 
between  1835  and  1837,  are  as  follows: — 


SateUites  ac- 

SateUites ac- 

1 

cording  to  the 
time  of  their 

cording  to  thei 
distances  frona 

Period  of  reyolution. 

Mean 
distanoe. 

discovery. 

the  planet. 

d. 

h.     m. 

8. 

/. 

1.  Mimas  . 

.       0 

22    37 

22-9 

33607 

9* 

2.  Enceladus 

1 

8    53 

6-7 

4-3125 

e. 

3.  Tethys  .     . 

1 

21     18 

25-7 

5-3396 

d. 

4.  Dione    . 

2 

17    41 

8-9 

6-8396 

c. 

5.  Bhea     .     . 

4 

12    25 

10-8 

9-5528 

a. 

6.  Titan     .     . 

15 

22    41 

25-2 

22-1450 

h. 

7.  Hyperion  , 

22 

12 

? 

28-0000? 

h. 

8.  Japetus 

79 

7     53 

40-4 

64-3590 

Between  the  four  first  or  nearest  satellites,  we  find  a  re- 
markable relation  in  the  commensurability  of  their  periods 
of  revolution.  Tha  period  of  the  3d  satellite  (Tethys),  is 
double  that  of  the  1st  (Mimas) ;  and  that  of  the  4th  satel- 
lite (Dione),  is  double  that  of  the  2d  (Enceladus).  The 
exactness  of  these  proportions  amounts  to  -g-i-g-  of  the  longff 
periods.  This  result,  which  has  not  been  much  attended  to, 
was  commuDicated  to  me  as  early  as  November  1845,  in 
letters  from  Sir  John  Herschel.  The  four  satellites  of  Ju- 
piter shew  also  a  certain  degree  of  regularity  in  their  dis- 
tances, the  intervals  between  them  presenting  with  tolerable 
approximation  the  series  3,  6,  12.      The  2d  satellite  is  dis- 
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laiit  from  the  Ist  3'6 ;  the  3d  from  the  2d  5'7;  and  the 

4th  from  the  3d  11"6  semi-diameters  of  Jupiter.     Tries  and 

Challis  have  attempted  to  shew  that  the  so-called  law  of 

itius  prevails  in  all  the  systems  of  satellites,   even  in  that 

rranns(«3i}. 

Uranus. 

The  recognition  of  the  existence  of  this  planet,  the  great  dis- 
mrj  of  AVilliam  Herschel,  not  only  augmented  for  the  first 
number  of  those  six  planets  which  had  for  thousands 
Jears  been  known  to  man,  and  more  than  doubled  the  dia- 
sr  of  the  solar  domain ;  it  also  led,  at  the  end  of  65  years, 
ineaiis  of  the  perturbations  sustained  by  Uranus  proceeding 
ID  still  more  distant  regions,  to  the  discovery  of  Neptune, 
uius  was  discovered  accidentally  (March  13,  1781) 
ting  the  examinatioa  of  a  small  group  of  stars  in  Gemini, 
i  was  recognised  by  means  of  its  minute  disk,  which, 
JT  the  successive  employment  of  magnifying  powers  of 
(6  and  932,  increased  much  more  than  did  other  stars  in 
:Ticiiiity,  The  keen-sighted  and  sagacious  discoverer,  so 
nliar  with  alt  optical  phenomena,  also  remarked,  tliat 
ik  increased  magnifying  powers  the  intensity  of  light  in 
I  new  body  decreased  considerably;  whilst  in  fixed  sturs 
equal  magnitude  (between  the  6th  ajid  7th)  it  remained 
lame, 

leiscbel  termed  Urauns,  when  he  first  announced  its 
fence  (*3^),  a  comet ;  and  the  united  labours  of  Saxon, 
1,  Laplace,  and  Mfichain,  which  were  greatly  facilitated 
tiie  discovery  made  by  the  meritorious  Bode,  in  1784, 
Uder  observations  of  that  body  by  Tobias  Mayer,  in  1756, 
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and  by  Flamstead^  in  1690^  established  with  adminUe 
promptitude  the  elliptical  orbit  and  all  the  planetaiy  dementi 
of  Uranus.  Its  mean  distance  from  the  Son  is^  aceordiog  to 
Hansen^  19'18289  distances  of  the  Earth  from  the  SoS)  or 
896-1-  millions  of  geographical  miles  (1586  nuUions  EngliA 
geographical  miles) ;  its  sidereal  period  of  revolution  is  84 
years^  5  dajs^  19  hours,  41  minutes,  and  86  seconds;  its 
inclination  to  the  ecliptic  0°46'  28";  and  its  apparent  diameta 
at  its  mean  distance  from  the  Earth  9"'9.  Its  mass^  which  the 
first  observations  of  its  satellites  had  given  at-rr^rT>^  derifed, 
by  Lamont's  observations,  as  only  a4  6  6's  *  according  to 
this,  its  density  would  be  intermediate  between  those  of 
Jupiter  and  Saturn  {^^^).  EUipticity  of  figure,  or  com- 
pression at  the  poles,  of  Uranus,  was  suspected  by  William 
Herschel  from  observations  in  which  he  employed  magni- 
fying powers  from  800  to  2400  :  according  to  Madler's 
measurements,  in  the  years  1842  and  1843,  its  amoont 

would  seem  to  fall  between  tVt  ^^^  i^  (^^*)«  ^^^^  ^®  ^ 
first  supposed  two  rings  of  Uranus  were  merely  the  effect  of 
an  optical  illusion  was  acknowledged  by  the  discoverer  him- 
self, ever  so  ready  to  apply  due  caution,  and  to  continnt 
perseveringly  to  test  the  reality  of  all  newly  acquired  data. 

Satellites  of  Uranus, 

"  Uranus,^'  says  the  younger  Herschel,  "  is  surrouncW 
by  four,  or  probably  by  five  or  six,  satellites/'  They  pre* 
sent  a  remarkable  peculiarity,  in  a  feature  to  which  nothing 
similar  has  yet  been  found  in  any  part  of  the  solar  system: 
viz.  that  whereas  all  other  satellites  (those  of  the  Earth, 
Jupiter,  and  Saturn),  as  well  as  all  the  primary  planA 
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B  from  west  to  east,  and  all,   excepting  some  of  the 
tve  orbits  but  little  inclined  to  (.lie  ecliptic,  the 
almost  perfectly  circular  path  of  the  satelhtea  of  Uranus  is 
iDcliiied  to  the  ecliptic  at  an  angle  of  78°  58',  being  there- 
fore nearly  perpendicular  to  it ;  and  the  satellites  themselves 
move  from  east  to  west.     In  the  sateUitea  of  Uranus,  as  well 
u  in  those  of  Saturn,  the  sequence  or  arrangement  of  the 
nomenclature,  1st,  2d,  3d,  &c,,  taken  from  their  respective 
fetuiices  from  the  primary  planet,  is  altogether  distinct  from 
the  sequence  of  the  epochs  of  their  discovery.     Of  the  satel- 
lites of  Uranus,  those  first  discovered  were  tlie  2d  and  tlie 
ith,  by  William  Herschel,  in  1787;  then,  in  1790,  the  1st 
and  the  5th ;  and  lastly,  in  1794.,  the  6th  and  the  3d,— all 
by  the  same  astronomer.     In  the  course  of  the  fifty-six 
jeara  which  have  elapsed  since  the  latest  discovery  (that  of 
the  3d  satellite),  the  existence  of  bo  many  as  sis  satellites 
ha  been  often,  but  unduly  doubted;  the  observations  of  the 
it  twenty  years  have  gradually  shewa  how  much  confidence 
y  be  placed  in  the  great  discoverer  of  Slough  in  this  de- 
tbnent  of  planetaiy  astronomy  also.      Hitherto  the  satel- 
»  of  Uranus  which  have  been  seen  again  are  the  Ist,  2d, 
li,  and  6th;  to  whicb  may  perhajis  be  added  the  Sd, 
eording  to  LasseU's  observation  of  the  tith  of  November, 
Mb.     On  account  of  the  large  aperture  of  his  reflector, 
i  the  abundance  of  light  obtained  thereby,   the  elder 
Sschelj  with  his  acute  vision,  considered  a  magnifying 
wer  of  157   sufficient  under  favourable  atmospheric  cir- 
linslances ;  his  son  prescribes  generally  for  these  exceed- 
ij  small  luminous  disks  a  magnifying  power  of  300.   Tlie 
land  4tfa  satellites  are  those  which  have  been  seen  again 
Est,  most  certjiinly,  and  most  frequently;— in  Europe 
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and  the  Cape  of  Good  Hope  by  Sir  John  Herschel^  and  subfl^ 
quently  by  Lamont  at  Munich^  and  Lassell  at  Liverpool.  The 
1st  satellite  of  Uranus  was  rediscovered  and  observed  by 
Lassell  from  the  14th  of  September  to  the  9th  of  November, 
1847,  and  by  Otto  Struve  from  the  8th  of  October  to  the 
10th  of  December,  of  the  same  year ;  and  the  outermost,  or 
6th  satellite,  by  Lamont,  on  the  1st  of  October,  1837.  The 
5th  satellite  does  not  appear  to  have  been  seen  again  at 
all ;  and  the  3d  not  with  sufiicient  certainty  {^^).  These 
details  are  not  without  importance,  as  suggesting  fresh  mo- 
tives for  not  giving  too  much  weight  to  so-called  negative 
evidence.* 


Neptune. 

The  merit  of  the  saccessful  working  out  and  earliest 
publication  of  an  inverse  problem  of  perturbation,  (viz.  the 
problem  of  deducing  from  given  perturbations  of  a  known 
planet  the  elements  of  the  unknown  perturbing  one),  and 
even  of  having  occasioned,  by  a  bold  prediction,  the  great 
discovery  of  Neptune  by  Galle,  on  the  23d  of  September, 
1846,  belongs  to  the  acute  powers  of  combination,  and  to 
the  persevering  labours,  of  Le  Verrier  (^^ej ,  It  is,  as  Encke 
has  expressed  it,  the  most  brilliant  of  all  planetary  disco- 
veries, because  purely  theoretical  investigations  caused  ftc 
antecedent  prediction  of  the  existence  and  the  place  of  the 
new  and  yet  unknown  planet.     The  promptitude  of  the 

*  [See  at  the  close  of  the  present  volume  a  note  containing  an  acooon*  of 
the  discovery,  by  Mr.  Lassell,  of  two  more  satellites  of  Uranns,  communicitrf 
to  M.  de  Humboldt  whilst  the  volume  in  the  original  was  passing  thioBgk 
the  press,  but  after  this  section  had  been  printed. — Editob.] 


PORTIOJI  OF  THE  COSMOS. — THB  PUXETS. 


391 


rtaal  discovery  wae  favoured  by  the  excellent  star-maps  of 

Wihe  Berlin  Academy,  by  BremilterC*^^),      If,  among  the 

f  distances  of  the  outer  planets  from  the  Snn,  the  distance  of 

atum   (9'53)  is  approximately  twice  aa  great  as  that  of 

tJnpiter  (6'20),  and  the  distance  of  Uranus  (19'18)  approni- 

lately  twice  as  great  as  that  of  Saturn, — the  distance  of 

Neptune   (30'04)  would  require,   in  order  to  complete  a 

similar  proportion,  to  have  a  tbinl  part  more,  or  fuHy  ten 

Earth -distances,  added  to  it.     Our  planetary  boundarj'  is  at 

tb«  present  time  621  millions  of  German,  or  2484  millioni 

of  EnglL'*h,  geographical  miles  from  the  central  body ;  by 

the  discovery  of  Xeptune,   the   terminal   or  border-stone, 

marking  the  limit  of  our   planetary  knowledge,  has  been 

made  to  recede  more  than  223  millions  (892  English)  such 

miles,  or  upwards  of  10-8  distances  of  the  Earth  from  the 

Snn.     Step  by  st*p  as  the  perturbations  suffered  by  each 

laat-known  planet  are  recognised,  fresh  and  fresh  planets  are 

discovered,  until,  by  reason  of  their  remoteness,  they  cease 

to  be  visible  through  our  telescopes  {^'*). 

According  to  the  latest  determinations  the  period  of  revo- 
lution of  Keptune  is  fi0126-7  days,  or  164  years  and  22"fi 
days;  and  its  semi-major  axis  30'03628.  The  excentricity 
of  its  orbit  is  0'00871946,  the  least  next  to  that  of  Venusj 
its  mass  is  ittto  '■  its  apparent  diameter  is,  according 
to  Encke  and  Galle,  2"'70,  and  according  to  Challis  even 
3"'07 ;  which  would  give  its  density  as  compared  to  that 
of  the  Earth  0'230,  greater  therefore  than  that  of  Uranus 
^178  («3e). 

ti  after  the  discovery  of  Neptune  a  ring  was  ascribed 
y  Gnlle,  Lassell,  and  Clmllis.     The  first-named  of 
e  astronomers  had  employed  a  magnifying  power  of  567^ 
Y  3 
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and  tried  to  determine  the  great  inclination  of  the  supposed 
rius^  to  the  ecliptic ;  buh  in  the  case  of  Neptune,  as  long 
before  in  that  of  Uranus^  subsequent  examination  has  dis- 
pelled the  behef  in  the  existence  of  a  ring. 

I  think  it  right  to  forbear,  in  this  work,  from  more  than 
an  allusion  to  the  certainly  earlier  but  unpublished  labours,— 
not  therefore  crowned  by  recognised  success, — of  the  highly 
distinguished  and  acute  English  geometrician,  John  Condi 
Adams,  of  St.  John's  College,  Cambridge.  The  historical 
facts  relating  to  these  labours,  and  to  Le  Terrier's  and  GaQe'a 
happy  discovery  of  the  new  planet,  are  related  circumstan- 
tially, impartially,  and  from  well-assured  sources  of  autho- 
rity, in  two  memoirs,  by  the  Astronomer-Royal  Aiiy,  and 
by  Bemhard  von  Lindenau  (^®).  Intelleotual  labours  di- 
rected almost  at  the  same  time  to  the  same  great  object, 
offer,  besides  the  spectacle  of  a  competition  honourable  to 
both  competitors,  an  interest  the  more  vivid,  because  the 
selection  of  the  processes  employed  testifies  the  brilliant  state 
of  the  higher  mathematical  knowledge  at  the  present  epoch. 


Satellites  o^  Neptune, 

If,  in  the  outer  planets,  the  existence  of  a  ring  has  as  yet 
presented  itself  to  our  view  in  one  instance  only,  and  if  the 
rarity  of  this  phsenomenon  causes  us  therefore  to  conjecture 
that  the  formation  of  a  detached  belt  of  matter  is  dependput 
on  the  concurrence  of  peculiar  conditions  difficult  of  fulfil- 
ment; on  the  other  hand,  the  existence  of  satellites,— 
accompanying  the  outer  planets,  Jupiter,  Saturn,  and 
Uranus, — appears  to  be  a  far  more  general  phsenomenon. 
So  early  as  the  beginning  of  August,  1847,  Lassell  reopg' 
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nised  with  certainty  {^^)  the  first  of  Neptune's  satellites,  in 
his  great  20-foot  reflector,  with  an  aperture  of  24  inches. 
Otto  Struve  {^^),  at  Pulkowa  (11th  Sept.  to  20th  Dec. 
1 847),  and  Bond  {^^),  the  Director  of  the  Astronomical 
Observatory  of  Cambridge,  U.S.  (I6th  Sept.  1847),  con- 
firmed Lassell's  discovery.  The  Pulkowa  observations  gave — 
the  satellite's  period  of  revolution,  5  days,  21  hours,  7  min. ; 
the  inclination  of  its  orbit  to  the  ecliptic,  34®  7' ;  its  dis- 
tance from  the  centre  of  the  primary  planet,  54000  German 
(216000  English)  geographical  miles ;  and  its  mass,  it^u-s- 
Three  years  later  (14th  August,  1850)  Lassell  discovered  a 
second  satellite  of  Neptune,  to  which  he  applied  magnifying 
powers  of  628  (^*).  This  last  discovery  has  not  yet,  I 
beheve,  been  confirmed  by  any  other  observer. 
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Comets. 

In  the  solar  domain^  the  comets — ^which  Xenocrates  and 
Theon  of  Alexandria  termed  '^  Clouds  of  light/'  and 
which,  according  to  an  ancient  belief,  handed  down  from 
the  Chaldeans,  were  said  by  ApoUonios  the  Myndian  to 
''ascend  periodically  from  remote  distance  on  long  (re- 
lated) paths'' — although  subject  to  the  attracting  force  of 
the  central  body  of  our  system,  form,  nevertheless,  a  pecu- 
liar and  distinct  group.  They  are  distinguished  from  pla- 
netary bodies  properly  so  called,  and  meaning  thereby  both 
primary  planets  and  satellites,  not  merely  by  the  great 
excentricity  of  their  orbits,  but  also  by  what  is  still 
more  material — their  cutting  through  or  intersecting  the 
orbits  of  the  planets ;  and  they  present,  moreover,  a 
variability  of  form — a  mutability  of  outline — which,  in 
some  individuals,  (for  example,  in  Klinkenberg's  comet 
of  1744  so  accurately  described  by  Hensius,  and  in 
Halley's  comet  on  its  last  appearance  in  1835),  becomes 
sensible  even  in  the  course  of  a  few  hours.  Before  Encke 
had  enriched  our  knowledge  of  the  solar  system  with  comets 
of  short  period, — cjalled  interior  comets  because  their  orbits 
are  included  within  some  of  thp  planetary  orbits, — dogmatic 
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Hdes,  based  on  mistaken  analogies  respecting  a  supposed 

]aw  uf  increasing  excentricity,  maguitnde,  and  rarity  of 
mtter  in  planetary  bodies  vrith  increaaing  solar  distances, 
led  to  the  view,  that  beyond  Satnrn  there  would  be  disco- 
vered excentric  planetary  cosmicat  forma  of  enormons 
volume,  "constituting  intermediate  links  or  gradations 
letffeen  planets  and  comets ;  and  that  the  last  or  outer- 
most  planet  might  even  deserve  to  be  called  a  comet,  because 
it  might  perhaps  he  found  to  intersect  the  orbit  of  the  pre- 
ffi&ig  planet  nearest  to  itself,  i.  e.  Saturn"  C**).  Such  a  view 
o(  the  graduated  snccession  of  fonna  in  the  structure  of  the 
Universe,  analogous  to  the  often  misused  doctrine  of  gra- 
dution  or  transition  of  form  in  organic  existence,  was  shared 
bj  Kant,  one  of  the  greatest  intellects  of  the  eighteeenth 
century.  Eespeclively  twenty-six  and  ninety-one  years  after 
the  dedication  to  Frederick  the  Great  of  the  Naturgeschichte 
dei  Himmels  by  the  Koiiigsberg  philosopher,  Uranus  and 
Neptane  were  discovered  by  WiUiam  Herscbel  and  Galle; 
but  both  these  planets  have  a  less  excentricity  than  Saturn ; 
inileed,  while  the  escentrieity  of  Saturn  is  0'056,  that  of 
lie  outermost  of  all  the  planets  now  known  to  us,  Neptune, 
»  O'OOS,  nearly  the  same  as  that  of  "Venns,  so  near  to  the 
8uu  (0'006).  In  other  respects,  also,  neither  Uranus  nor 
j''eptune  show  anything  of  the  anticipated  cometary  qualities. 
As  within  a  recent  period,  (since  1 81 9),  the  discovery  of 
Bve  interior  comets  have  followed  that  of  Encke's, — the  whole 
*is  forming  apparently  a  distinct  group,  whose  semi-major 
'Xis  does  not  differ  much  from  that  of  the  majority  of  the 
•ttall  planets, — the  question  has  beea  suggested,  whether  the 
Stoup  of  the  interior  comets  may  not  have  originally  consti- 
1  &  single  cosmicol  body, — as  in  the  case  of  the  small 
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planets  according  to  the  hypothesis  of  Olbers ;  and  whethef 
this  original  large  comet  may  not  have  been  separated  into 
several  parts  by  the  influence  of  Mars ;  such  a  separation,  or 
bi'partilion,  having  actually  taken  place  almost  before  the 
eyes  of  observers^  in  the  year  1846,  on  the  last  retomof 
the  interior  comet  of  Biela.  Certain  resemblances  betweei 
the  elements  have  led  Professor  Stephen  Alexander,  of  the 
College  of  New  Jersey,  to  undertake  investigations  respect- 
ing (he  possibility  of  a  common  origin  of  the  asteroids,  (at 
small  planets  between  Mars  and  Jupiter,)  and  some,  or  evea 
all,  of  the  comets  (^^^) .  On  grounds  of  analogy  founded  ontk 
supposed  nebulous  envelopes  of  the  small  planets,  all  recent 
and  more  accurate  observations  show  that  the  hypothesis  ii 
quite  unsupported.  Other  circumstances  are  also  on^ 
favourable  to  it.  Although  it  is  true  that  the  orbits  of  ^ 
small  planets  are  not  parallel  to  each  other,  and  present^ 
indeed,  in  the  case  of  Pallas,  the  phsenomenon  of  an  ex- 
cessive inclination,  yet  with  all  this  want  of  parallelism  m 
their  own  paths,  they  do  not,  like  comets,  intersect  tk 
orbits  of  the  great,  old,  or  longer  known  planets.  Tbn 
circumstance,  which,  in  any  hypothesis  of  a  primitii* 
impulse  in  direction  and  velocity  is  exceedingly  matenal 
taken  in  conjunction  with  the  diversity  in  physical  constitii- 
tion  between  the  interior  comets  and  the  small  plants,— 
the  planets  appearing  to  be  entirely  without  any  nebuloos 
or  vaporous  matter, — seems  to  render  a  similarity  of  origin 
between  these  two  classes  of  cosmical  bodies  very  improta- 
ble.  Laplace,  also,  in  his  theory  of  '^planetary  genesia" 
from  zones  of  vapour  revolving  around  the  sun  and  con- 
densing round  nuclei,  thought  that  comets  must  be  separated 
entirely  from  planets.      ''Dans  Thypothdse  des  zones  de 
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vapeurs  et  d'un  nojau  s'accroissant  par  la  condensation  de 
Fatniosplif^re  qui  I'environne,  lea  com^tes  soiit  etrang^res 
au  systeine  plnn6taire"  (**'). 

I  have  already  called  attention,  in  the  first  volume  of  my 
work  (^8),  to  the  fact  that  comets  combine  the  smallest 
mass  witli  the  occupation  of  the  largest  space  within  the  solar 
doniain ;  they  also  exceed  all  other  planetary  cosmical  bodies 
in  number  of  individuals;  the  calculus  of  probabihties, 
based  on  the  assumption  of  an  equable  distribution  o£ 
orbits,  limits,  nearness  to  the  Sun,  and  possible  continued 
invisibility,  leads  to  our  inferring  the  existence  of  many 
tkonsands.  I  purposely  exclude  from  auch  comparative 
considerations  "aerolites,"  or  "meteoric  asteroids,"  because 
mach  obscurity  still  prevails  respecting  their  nature.  "We 
must  distinguish  among  comets  those  whose  orbits  have 
b«en  computed  by  astronomers  from  those  of  which  we 
possess,  in  some  cases,  only  incomplete  observations,  and  in 
others,  mere  notices  in  chronicles.  As,  according  to  GaUe's 
litest  exact  enumeration  to  the  year  1847  inclusive,  178 
comets  had  been  calculated,  we  may  very  well  continue  to 
lake  as  the  number  of  comets  which  have  been  seen, 
induding  those  of  which  we  merely  possess  notices,  a  rough 
total  of  from  six  to  seven  hundred.  When  the  comet  of 
1682,  announced  by  Ualley,  reappeared  in  1759,  it  was 
ttgarded  as  someliiing  very  remarkable  tliot  three  oomete 
>hould  be  visible  in  the  same  year.  Now,  so  animated  is 
the  examination  of  the  celestial  vault,  and  from  bo  many 
points  of  the  eartli's  surface  at  the  same  time,  that  in  each 
of  the  years  1819,  1825,  and  1840,  four  cometa  were  seen 
■ud  computed  j  in  1826,  five ;  and  in  1846,  even  as  many 
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In  comets  seen  with  the  unassisted   eye,  recent  times 
have  been  more  rich  than  was  the  latter  part  of  the  last 
century ;  but  still  the  appearance  of  a  comet  brilliant  in  both 
head  and  tail  continues  to  be  a  rare  and  remarkable  natoial 
phsenomenon.     It  may  not  be  without  interest  to  reckon  op 
the  number  of  comets  which  have  been  seen  in  Europe  wilk 
the  naked  eye  during  the  last  few  centuries  (^*).    The 
richest  period  was  the  16th  century^  when  28  such  oomeii 
were  seen.    The  17th  had  12^  of  which  only  2  were  in  the 
first  half.      In  the   18th  century  only  8   such  comete 
appeared^  whereas  we  have  had  9  in  the  first  fifty  years  of 
the  19th.     Of  these,  the  finest  were  those  of  1807,  1811, 
1819,  1835,  and  1843.     In  earlier  times  it  has  happened 
more  than  once  that  from  thirty  to  forty  years  have  passed 
without  the  record  of  such  a  spectacle  having  been  once  en- 
joyed.   The  years  which  appear  poor  in  comets  may,  however, 
for  aught  we  know,  have  been  actually  rich  in  large  comets 
having  their  perihelions  situated  beyond  the  orbits  of  Jupiter 
and  Saturn.     Of  telescopic  comets,  there  are  now  discovered, 
on  an  average,  at  least  two  or  three  a  year.     In  three  su^ 
cessive  months,  in  1840,  Galle  found  3  new  comets ;  from 
1764  to  1798  Messier  found  12 ;  and  Pons,  from  1801  to 
1827,  found  27.    Thus  Kepler's  expression  respecting  the 
multitude  of  comets  in  space  (^'  ut  pisces  in  oceano^')  ahnost 
appears  to  be  justified. 

The  careful  register  of  the  comets  seen  in  China,  made 
known  to  us  by  Edouard  Biot  from  the  collection  of  Ma- 
tuan-lin,  is  of  no  small  importance.  It  extends  back  beyond 
the  foundation  of  the  Ionic  school  of  Thales  and  the  Lydian 
Alyattes,  and  comprises  in  two  sections  the  places  of  comets 
from  613  years  before,  to  1222  after  our  era;  audfioo  T 
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1222  to  1G44  during  the  period  of  the  dynasty  of  Ming. 
I  repeat  here  (Kosmos,  Bd.  i.  8.  389,  Anm.  12 ;  Eugl.  ed. 
p.  xvii.  Note  42),  that  whilst  from  the  middle  of  the  3d  to 
the  end  of  the  llth  ceutury,  cometa  have  to  be  computed 
exclusively  from  Cliinese  observations,  the  calculatiou  of 
Halley's  comet  at  its  appearance  in  1456  ia  the  first  which  has 
been  made  exclusively  from  European  observations  ;  those  of 
Hegiomontanus  were,  however,  followed,  on  the  return  of 
Halle/s  comet,  bj  the  very  exact  ones  of  Apianus,  at  lugoU 
Btadt,  in  August  of  the  year  1531.  The  appearance  of  a 
superb  comet  which  acquired  celebrity  by  means  of  -ifriciin 
and  Brazilian  voyages  of  discovery,  and  which  was  called  by 
Italians  "  Signer  Astone,"  the  great  "  Asta,"  belongs  to  the 
iatermediatedateofMay  1500  {^^°).  By  the  similarity  of  the 
elements,  Laugier  (^*')  recognised  in  theChinese  observations 
a  seventh  apjiearance  of  Ilallcy's  comet  (that  of  ISIS) :  the 
third  comet  of  1840,  discovered  by  Galle  (S")  on  the  6th 
of  March,  appears  in  the  same  way  to  be  identical  with  that 
of  1097.  The  Mexicans  in  their  Year-books  connected 
events  with  comets  and  other  celestial  observations.  It  is  a 
curious  fact  that  it  is  only  in  the  Cliinese  Comet- Register 
that  I  have  been  able  to  recognise,  (as  having  been  observed 
in  December  of  the  same  year),  the  comet  of  1490,  which  I 
discovered  in  Le  Tellier'a  Mexican  Manuscript,  and  figured 
in  my  "  Monumens  des  Peuples  indigenes  de  I'Amfirique" 
(**"),  This  comet  had  been  entered  by  the  Mexicans  in  their 
register  twenty-eight  years  before  Cortes  appeared  for  the 
first  time  on  the  coast  of  Vera  Cruz  (Chalchiuheuecan). 

I  have  spoken  in  detail  in  the  first  volume  of  my  work 
(S.  106—112  ;  English  edit.  p.  92—98),  of  the  shape  and 
appearance  of  comets,  of  their  variations  of  form,  brightness 
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and  colour^  and  of  the  emanations  from  the  head^  whi^ 
bending  back^  fonn  the  tail  (^^),  following  in  my  descnp- 
tion  the  observations  of  Heinsius  (1744)^  Bessel^  Strave, 
and  Sir  John  HerscheL     In  recent  times^  besides  the  mag- 
nificent comet  of  1843  (^*),  which  was  seen  by  Bowringaft 
Chihuahua  (N.W.  America)  as  a  small  white  cloudy  fron 
nine  in  the  morning  to  sunset,  and  by  Amici  at  Parma,  n 
full  noonday,  at  1°  23'  east  of  the  Sun  (^%  the  let  co&et 
of  1847,  discovered  by  Hind  in  the  neighbourhood  of  Oi- 
pella,  was  visible  in  London  on  the  day  of  its  perihdioiii 
when  very  near  the  Sun. 

For  the  further  elucidation  of  what  has  been  said  akive, 
respecting  the  remarks  of  the  Chinese  astronomers  on  the 
occasion  of  their  observation  of  the  comet  of  March  8S7> 
during  the  dynasty  of  Thang,  I  will  here  introduce  a  trans- 
lation &om  the  Ma-tuan-lin,  of  the  statement  of  the  hf 
followed  in  the  direction  of  the  tails  of  comd»: — ^"In 
general,  in  a  comet  east  of  the  Sun,  the  tail,  reckoning  ftom 
the  nucleus,  is  directed  to  the  east ;  but  if  the  comet  appears 
to  the  west  of  the  Sun,  the  tail  is  turned  towards  the  weat** 
(657j^  Fracastoro  and  Apianus  say  more  definitely,  and  still 
more  correctly,  that  '^  a  line  in  the  direction  of  the  axis  rf 
the  tail,  prolonged  through  the  head  of  the  comet,  strikes 
the  centre  of  the  Sun/^  The  words  used  by  Seneca  (Nat 
Qu®st.  vii.  20), — ^Uhe  tails  of  comets  flee  from  the  Sun's 
rays,^^ — are  also  descriptive  of  their  character  in  this  reject 
Among  the  planets  and  comets  yet  known  to  us,  while  the 
proportion  of  the  shortest  to  the  longest  period  of  revolatkmi 
dependent  on  the  length  of  the  semi-major  axis,  is  in  plan^ 
as  1 :  683,  in  comets  it  is  as  1 :  2670.  These  ratios  are 
derived  from  comparing  Mercury,  liaving  a  period  of  revo- 
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of  87-97  dajs,  with  Neptune,  wliose  period  is  601 26'7 
dsjs;  flad  Encke's  comet,  having  3"3  years,  with  the  comet 
of  I6H0,  observed  by  CJottfried  Kirch  at  Coburg,  by  Newton 
ind  by  Halley,  whose  computed  period  is  8814  years.    I  have 
sireudy  noticed  (Kosmoa,  Bd,  i.  S.  116 — 118,  and  Bd.  iii. 
8, 371—373 ;  Engl.  edit.  Vol.  i.  p.  102—103,  and  Vol.  iii. 
f,  260—261),  the  distance  of  the  fixed  star  nearest  to  our 
sda  system  (a  Centauri),  from  the  aphelion  (or  greatest 
distance  from  the  San)  of  the  last-named  comet,  as  deter- 
tomed  by  Encke  in  an  excellent  memoir  on  the  subject, — the 
very  small  velocity,  10  feet  in  a  second,  of  the  same  comet 
at  the  remotest  part  of  its  path, — and  the  greatest  proximity 
attained  by  Lexell'a  and  Burckhardt'a  comet  of  1770  to  the 
Earlh,  (being  6  distances  of  the  Moon  from  the  Earth) , — and 
bytlie  comet  of  16S0,  and  still  more  the  comet  of  1843,  to 
the  Sun.     The  2d  comet  of  181 9,  which,  as  seen  in  Europe, 
emerged  suddenly  in  consideruble  magnitude  from  the  Sun's 
lays,  must,  according  to  its  elements,  have  passed  on  the 
!6th  of  June  ^but,  unfortunately,  without  being  seen  1 )  in 
front  of  tlie  Sun's  disk  {^^).    This  must  also  have  been  the 
case  with  the  comet  of  1823,  whicli,  besides  the  ordinary 
tail  turned  from  the  Sun,  had  another  turned  directly  towards 
the  Sun.     If  the  tails  of  these  two  comets  had  a  considerable 
length,  vaporous   particles  belonging  to  them  must   have 
become   mingled   with   our  atmosphere,  as   doubtless  has 
often  happened.     The  question  has  been  propuunded,  whe- 
ther tlie  extraordinary  mists  which,  in   1783  and  1831, 
covered  a  large  pnrt  of  our  continent,  may  have  been  the 
result  of  such  an  admixture  (^'S). 

While  the  quantity  of  radiant  heat  received  by  the  connits 
tti  1680  and  1843,-when  in  such  near  proximity  to  the  Sun,   i 
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has  been  compared  to  the  temperature  of  the  focus  of  a 
bumiug-glass  of  more  than  82  inches  diameter  (^,  ano- 
ther highly  meritorious  astronomer  (^*)  considers  that  "  all 
comets  without  a  solid  nucleus^  cannot^  from  their  exceeding 
tenuity,  receive  or  appropriate  any  solar  heat  whatsoever; 
and  have  therefore  only  the  temperature  of  space''  {^^).  If 
we  consider  attentively  the  many  and  striking  analogies  in 
the  phsenomena  presented,  according  to  Melloni  and  Eorbes, 
by  bright  and  by  dark  sources  of  heat,  it  seems^  in  the 
present  state  and  connection  of  our  physical  ideas,  difBcoU 
not  to  assume  processes  in  the  Sun  itself  which  produce^ 
by  the  vibrations  of  an  ether  (by  waves  of  difierent  length), 
at  once  radiant  light  and  radiant  heat.  Mention  was  long 
made  in  many  astronomical  works  of  a  supposed  occoltation 
of  the  Moon  by  a  comet,  in  1454,  the  statement  of  wfaidi 
the  Jesuit  Poutanus,  the  first  translator  of  the  Byzantine 
writer  George  Phranza,  thought  he  had  discovered  in  a 
Munich  manuscript.  This  supposition  of  the  passage  of  a 
comet  between  the  Earth  and  the  Moon,  in  1454,  is  as 
erroneous  as  is  a  similar  assertion  by  Lichtenberg  in  respect 
to  the  comet  of  1770.  Phranza's  Chronicles  were  published 
in  full  for  the  first  time,  in  Vienna,  in  1796 ;  and  it  is  said 
in  them  expressly,  that  in  the  year  of  the  world  6962,  dur- 
ing the  time  that  an  eclipse  of  the  Moon  was  taking  plaoCy 
quite  in  the  ordinary  manner,  according  to  the  order  and 
circular  path  of  the  heavenly  luminaries,  a  qomet,  similar  to 
a  mist,  appeared,  and  came  near  to  the  Moon.  The  date, 
corresponding  to  1450,  is  given  incorrectly ;  for  Phranza 
says  positively  that  the  lunar  eclipse  and  the  comet  were 
seen  after  the  taking  of  Constantinople  (19th  of  May,  1458); 
and  an  eclipse  of  the  Moon  did  really  take  place  on  the  I2th 
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of  May,  1454.     (See  Jacobs  iu  Zach^s  Moiiatl.  Corresp. 
Bd.  xxiii.  1811,  S.  196—202). 

The  facts  relative  to  Lexell^s  comet  and  Jupiter's  satel- 
lites, i.  e.  the  disturbances  which  it  sustained  from  them 
without  sensibly  influencing  their  periods  6f  revolution 
(Kosmos,  Bd.  i.  S.  117;  English  edit.  Vol.  i.  p.  103), 
have  undergone  more  accurate  investigation  by  Le  Verrier. 
Messier  discovered  this  remarkable  comet  on  the  14th  of 
June,  1770,  as  a  faint  nebula  in  Sagittarius;  but  eight 
days  later  its  nucleus  shone  already  like  a  star  of  th 
M  magnitude.  Previous  to  the  perihehon  no  tail  was 
visible ;  but  afterwards  one  developed  itself,  by  slight  ema- 
nations, to  a  length  of  barely  1°.  Lexell  found  for  his 
comet  an  elliptic  path,  and  a  period  of  revolution  of  5*585 
years,  a  result  which  was  confirmed  by  Burckhardt  in  his 
excellent  prize  memoir  of  1806.  According  to  Clausen  it 
approached  the  Earth,  on  the  1st  of  July,  1770,  within  363 
semi-diameters  of  the  Earth  (311000  German,  or  1244000 
Enghsh  geographical  miles,  or  six  distances  of  the  Moon 
from  the  Earth).  That  the  comet  should  not  have  been 
seen  earlier  (March  1776),  and  later  (October  1781),  has, 
in  accordance  with  Lexell's  previous  conjecture,  been  made 
out  analytically  by  Laplace,  in  the  4th  volume  of  the  Me- 
canique  celeste,  as  the  effect  of  perturbations  proceeding 
from  the  direction  occupied  by  Jupiter's  system  at  the  time 
of  the  approximations,  in  the  two  years  1767  and  1779. 
le  Verrier  finds  that,  according  to  one  hypothesis  respecting 
the  comet's  path,  it  should  have  passed,  in  1779,  through 
tte  orbits  of  the  satellites  of  Jupiter ;  and  that,  according 
to  another  hypothesis,  it  should  have  passed  far  outside 
the  4th  or  outermost  satellite  (^^3), 
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The  molecular  state  of  the  head  or  nacleus^  which  pre- 
sents so  singular  an  outline^  as  well  as  of  the  tail  of  comets, 
is  the  more  difficult  to  comprehend^  since  it  does  not  caoie 
any  refraction  of  rays^  and  since,  by  Arago's  important  dDh 
covery  (Kosnfos,  Bd.  i.  S.  Ill,  391  and  392,  Anm.  19—21; 
English  edit.  p.  97,  xviii.  and  xix.,  Notes,  49 — 51),  the 
light  of  comets  has  been  shewn  to  consist  partly  of  polariaedi 
and  therefore  of  reflected  solar  light.  While  the  smallot 
stars  are  seen  to  shine  with  undiminished  brightness  throagh 
the  vaporous  emanations  which  form  the  tail,  and  em 
through  almost  the  centre  of  the  nucleus  itself,  or  at  least 
exceedingly  near  to  the  centre  (per  cometem  non  aliter 
quam  per  nubem  ulteriora  cernuntur ;  Seneca,  Nat.  Qoest 
vii.  18),  the  analysis  of  the  light  of  comets  in  Arago's  a- 
periments  which  I  witnessed  shows,  on  the  other  hand, 
that  the  vaporous  enveloi^es  are  capable,  notwithstandittg 
their  tenuity,  of  reflecting  or  giving  back  light  received  from 
a  foreign  source  (^^) ;  that  these  cosmical  bodies  have  "aa 
imperfect  transparency  {^^^) ;  and  that  light  does  not  pssB 
through  them  unimpeded. ^^  In  a  group  of  nebulous  bodief 
of  such  extreme  tenuity,  the  particular  instances  of  greil 
luminous  intensity,  as  in  the  comet  of  1843,  or  the  star-like 
brightness  of  a  nucleus,  excite  the  more  astonishment,  be- 
cause the  reflection  of  the  Sun's  light  is  assumed  to  be  the 
exclusive  cause.  But  may  we  not  suppose  in  comets,  ia 
addition  to  this,  a  light-evolving  process  of  their  own  ? 

The  particles  emanating  or  evaporating  from  brush-like 
or  fan-shaped  comets'  tails  of  many  millions  of  miles  ifl 
length,  disperse  themselves  in  space,  and  may  perhaps  either 
form  of  themselves  the  resisting  or  impeding  fluid  or  mfr 
dium  (^^)  which  gradually  contracts  the  path  of  Encke's 
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cmei,  or  may  mingle  with  the  ancient  cosmical  matter 
rhich  has  not  been  condensed  either  into  celestial  bodies  or 
nto  the  ring  which  forms  our  Zodiacal  Light.    We  see 
oaaterial  particles  disappear^  as  it  were^  before  our  eyes^  and 
eaa  hardly  conjecture  inhere  they  reassemble.     Now^  how- 
ever probable  may  be  the  condensation  in  the  neighbour- 
bood  of  the  central  body  of  our  system  of  a  gaseous  fluid 
fiUing  space^  yet  in  comets^  whose  nucleus,  according  to 
Yak,  becomes  small  in  the  vicinity  of  the  Sun,  we  cannot  well 
imagine  to  ourselves  that  this  effect  is  caused  by  the  sur- 
loonding  fluid  being  there  more  dense,  and  thus  pressing 
iqwn  and  contracting  a  vesicular  nebulous  envelope  (^^7) .   If^ 
i&  the  emanations  of  comets,  the  outlines  of  the  light- 
nflecting  nebulosity  are  usually  very  httle  defined,  it  is  the 
Boie  striking,  and  the  more  instructive  in  respect  to  the 
molecular  state  of  the  body,  to  remark  that,  in  particular 
cases  and  individuals  (for  example,  in  Halley^s  comet,  seen  at 
tke  end  of  January  1836  at  the  Cape  of  Good  Hope),  there  has 
been  observed  in  the  paraboUc  front  part  of  the  comet  such 
a  well-marked  and  definite  outline,  as  we  hardly  ever  see  in 
tlie  piled  up  clouds  or  cumuli  of  our  atmosphere.     The 
illustrious  observer  at  the  Cape  compared  the  unusual  ap- 
pearance, indicative  of  the  strength  of  the  mutual  attraction 
of  the  particles,  to  an  alabaster  vessel  strongly  illuminated 
from  within  (^s). 

Smce  the  appearance  of  the  first  volume  of  my  work,  an 
^ccorrence  has  presented  itseK  among  the  bodies  of  which 
^e  are  treating,  the  mere  possibility  of  which  could  scarcely 
We  been  anticipated.  Biela\s  comet,  (an  interior  comet 
^f  short  period  of  revolution,  6^  years),  parted  asunder 
^d  formed  two  comets,  similar  in  form  though  unequal  in 
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size^  each  exhibiting  both  a  head  or  nucleus^  and  a  tail.  So 
long  as  they  could  be  observed  they  did  not  reunite,  kt 
were  moving  onward  separately  and  almost  parallel  to  each 
other.  As  early  as  the  19th  of  December,  1845,  Hind  had 
remarked  in  the  still  undivided  comet  a  kind  of  protuberance 
towards  the  north :  on  the  21st,  when  observed  byEnckeat 
Berlin,  nothing  resembling  a  division  could  yet  be  seen. 
On  the  29th,  the  division  which  had  then  taken 
place,  was  first  seen  and  recognised  in  North  America;  in 
Europe  it  was  not  perceived  until  the  middle  and  end  of 
January,  1846.  The  new  smaller  comet  moved  foremost 
towards  the  north.  The  distance  between  the  two  was  at 
first  3,  and  afterwards  (20th  of  February),  according  to  Otto 
Struve's  interesting  drawing,  6  minutes  (^9).  The  strength 
of  the  light  varied,  so  that  the  light  of  the  gradually  increas- 
ing second  comet  was  for  a  time  greater  than  that  of  the 
first  or  original  comet.  The  nebulous  envelopes  surround- 
ing each  of  the  two  nuclei  had  no  definitely  marked  outlines: 
in  the  larger  comet  there  was  even,  towards  the  S.S.W.,  a 
swelling  of  very  faint  light ;  but  the  space  between  the  two 
comets  was  seen  at  Pulkowa  to  be  entirely  free  from  nebu- 
losity (^^°).  Some  days  later.  Lieutenant  Maury,  at  Wash- 
ing<,on,  noticed  with  a  9-inch  Munich  refractor  rays  sent  bj 
the  larger  older  comet  to  the  smaller  new  one,  so  that  then 
was  for  a  time  a  sort  of  bridge-like  connection  between  then. 
On  the  24th  of  March,  the  smaller  comet,  from  the  increasing 
faintness  of  its  light,  could  but  just  be  recognised.  After- 
wards the  larger  comet  was  alone  seen  up  to  the  16th  or 
20th  of  April,  when  it  also  vanished.  I  have  described  the 
particulars  of  this  wonderful  phsenomenon  (^7i)  so  far  as  it 
was  possible  to  observe  them  :  unhappily  the  act  of  separa- 
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Ui,  and  the  state  of  the  older  comet  a  short  time  previously, 
escaped  observation.  Did  the  separated  comet  become  in- 
visible solely  from  increasing  distance  and  great  faiiitness  of 
light,  or  did  it  dissolve  ?  Will  it  again  appear  and  be  re- 
cognised as  a  companion  ?  and  will  Bicla's  comet  on  future 
reappearances  present  to  us  similar  anomalous  phEenoraena? 

The  production  of  a  new  planetary  cosmical  body  by 
division,  naturally  suggests  the  question,  whether,  in  the 
multitude  of  comets  revolving  round  the  Sun,  several  may 
not  have  originated,  or  may  originate  from  time  to  time, 
by  a  similar  process  ?  and  whether,  by  retardation,  i.  e.  un- 
equal velocity  of  revolutiou,  and  by  unequal  inflneace  of 
perturbations,  different  orbits  may  not  be  produced  ?  In  a 
memoir  by  Stephen  Alexander,  to  which  I  have  abeady 
alluded,  it  is  attempted  to  explain  the  origin  of  all  the 
interior  comets  by  the  adoption  of  such  an  hypothesis,  which 
caiinot,  indeed,  be  said  to  rest  on  any  adequate  foundation. 
It  would  seem  as  if  similar  cosmical  events  had  been  ob- 
served, but  not  sufficiently  well  described,  by  the  ancients. 
Seneca  relates, — but,  indeed,  as  he  liimself  states,  not  on 
trustworthy  testimony, — that  the  comet,  to  wliicb  the 
downfall  of  the  cities  of  HeHce  and  Bura  was  attributed, 
jwided  asunder  into  two  parts.      He  adds,  mockingly — 

iVhy  is  it  that  no  one  has  yet  seen  two  comets  unite  into 
"  ^67aj      file    Chinese    astronomers   speak   of    three 

loubie,"  or  "  couples  of,"  comets,  which  appeared  in  896, 

i  went  through  their  course  together  (^'^). 

J  the  great  number  of  comets  whose  course  has 
a  computed,  there  are  eight  whose  periods  of  revolution 
if  shorter  duration  than  the  period  of  revolution  of  Nep- 
,     Of  these  eight,  six  are  interior  comets,  i.  e,  comets 
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whose  aphelia  are  less  distant  from  the  Son  than  is  a  pomt 
in  the  orbit  of  Neptune :  they  are — ^Encke^s  comet  (aphelion 
4-09);  de  Vico's  (5-02);  Brorserfs  (5-64);  I^ye's  (5-93); 
Biela's  (6-19) ;  and  d'Arrest's  (6-44).  The  Earth's  mean 
distance  from  the  Son  being  unity^  the  paths  of  all  these 
six  interior  comets  have  apheUa  situated  between  Hygeit 
(3*15)  and  a  limit  which  is  placed  almost  14-  distances  of 
the  Earth  beyond  Jupiter  (5*20).  The  two  other  comets 
which  have  also  shorter  periods  of  revolution  than  Neptune, 
are  Olbers's  comet,  having  a  period  of  74,  and  Halley'^ 
having  a  period  of  76  years.  Up  to  the  year  1819,  when 
the  existence  of  an  interior  comet  was  first  recognised  by 
Encke,  the  above-named  two  comets  were  those  which  had 
the  shortest  known  periods  of  revolution.  The  aphelia  d 
Olbers's  comet  of  1815,  and  of  Halle/s  cornet^  are  situatecL 
only  4  and  5-1  distances  of  the  Earth  from  the  Sun  beyond 
the  limit  at  or  within  which,  according  to  the  discovery  of 
Neptune,  they  would  be  considered  interior  comets.  Al- 
though the  application  of  the  term  ''  interior  comet'*  may 
undergo  alteration  by  the  future  discovery  of  trans-Nepta- 
nian  planets,  since  the  limit  which  renders  comd»  ''inte- 
rior'^ is  a  variable  one,  yet  the  term  is  preferable  to  that  of 
''  comets  of  short  period,'^  inasmuch  as  it  depends  at  every 
epoch  of  our  knowledge  on  something  definite  at  that  epoch. 
The  six  interior  comets  which  have  now  been  securely  com- 
puted, only  vary  indeed  in  their  periods  of  revolution  from 
3*3  to  7*4  years;  but  if  the  expectation  of  the  return  at 
the  end  of  16  years  of  the  comet  discovered  by  Peters  at 
Naples,  on  the  26th  of  June,  1846  (the  6th  comet  of  fie 
year  1846,  with  a  semi-major  axis  of  6'82),  should  be  con- 
firmed (674)^  it  may  be  anticipated  that,   as  respects  the 
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duration  of  the  period  of  revolution,  intermediate  links  will 
gradually  be  discovered  between  the  comets  of  Olbers  and 
of  Faye,  and  that  it  will  in  future  be  difficult  to  determine 
any  fixed  limit  defining  ^^  shortness  of  period."  I  subjoin 
the  table  in  which  Dr.  Galle  has  collected  the  elements  of 
the  six  interior  comets  (see  p.  410). 

It  follows  from  this  review,  that  from  the  recognition  of 
Encke^s  (^7^)  as  an  interior  comet,  in  1819,  to  the  discovery 
of  the  last  interior  comet  of  d' Arrest,  32  years  only  have 
elapsed.  Elliptic  elements  for  the  last-named  comet  have 
also  been  computed  by  Yvon  Villarceau,  in  Schumacher's 
Astr.  Nachr.  No.  773,  who,  as  well  as  Valz,  has  expressed 
some  cJonjectures  respecting  its  possible  identity  with  the 
comet  of  1678,  observed  by  La  Hire,  and  calculated  by 
Douwes.  Two  other  comets,  apparently  also  having  periods 
of  revolution  of  five  or  six  years,  are — the  3d  of  1819,  dis- 
covered by  Pons,  and  calculated  by  Encke ;  and  the  4th  of 
1819,  found  by  Blanpain,  and  considered  by  Clausen  to 
be  identical  with  the  1st  of  1743.  Neither  of  these  comets, 
however,  can  yet  be  classed  with  those  in  regard  to  which 
long-continued  and  exact  observations  permit  greater  cer- 
tainty and  completeness  in  the  assigned  elements. 

The  inclination  of  the  paths  of  the  interior  comets  to  the 
ecliptic  is,  generally  speaking,  small,  i.  e,  between  3°  and 
18® :  in  Brorsen's  comet  only  it  is  considerable,  attaining  81®. 
All  the  interior  comets  which  have  yet  been  discovered,  have, 
like  all  the  [Janets  and  satellites  of  the  solar  system,  a  direct 
motion  (advancing  in  their  orbits  from  west  to  east).  Sir 
John  Herschel  has  called  attention  to  the  greater  rarity  of 
retrograde  motion  in  those  comets  whose  degree  of  inclina- 
tion to  the  ecliptic  is  small  (^7^).     This  opposite  direction 
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of  motion^  which  exists  only  in  a  certain  class  of  bodies 
belonging  to  the  solar  system,  is  of  great  importance  in 
reference  to  a  very  generally  prevailing  opinion  respecting 
the  origin  of  celestial  bodies  belonging  to  one  system,  and 
respecting  primitive  impulse.  It  appears  to  shew  us  the 
comet-world,  though  placed  in  the  remotest  distance,  sub- 
jected to  the  attraction  of  the  central  body,  yet  possessing, 
greater  individuality  than  the  planets.  Such  a  considera- 
tion has  led,  unduly,  to  the  idea  of  comets  being  older  than 
planets  (^77)^— of  their  being,  as  it  were,  primeval  forms  of 
imperfectly  condensed  cosmical  matter  in  space.  Under 
this  supposition  it  has  been  asked  whether,  notwithstanding 
the  enormous  distance  of  the  nearest  fixed  star  of  which  we 
know  the  parallax  from  the  aphelion  of  the  comet  of  1680, 
some  of  the  comets  which  come  within  our  view  may  not  be 
wanderers  passing  through  our  system,  from  the  domain  of 
one  sun  to  that  of  another? 

I  propose  to  place  next  to  the  class  of  comets,  as  with 
great  probability  belonging  to  the  solar  domain,  the  Eing 
of  the  Zodiacal  Light;  and  next  to  that,  the  multitude  of 
meteoric  asteroids  which  sometimes  fall  upon  our  Earth, 
and  respecting  the  existence  of  which  as  bodies  in  cos- 
mical space  imanimity  of  opinion  by  no  means  prevails. 
As  I  myself,  conformably  to  the  examples  of  Chladni, 
Olbers,  Laplace,  Arago,  John  Herschel,  and  Bessel,  de- 
cidedly regard  aerolites  as  being  of  extra-terrestrial  cos- 
mical origin,  I  may  naturally  close  the  present  section  on 
those  cometarv  bodies,  which  have  been  sometimes  termed 
"wandering  stars,''  with  the  expression  of  a  confident 
expectation,  that  by  increasing  care  and  accuracy  in  the 
observation  of  aerolites,  fireballs,  and  falling  stars^  the  oppo- 
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site  opinion  wiU  disappear,  as  the  opinion  whicli  generaOj 
prevailed  up  to  the  16th  century  of  the  meteoric  oiigm  of 
comets  has  long  since  done.  Although  in  ancient  times  the 
astrological  corporation  of  the  '^  Chaldeans  in  Bahylon/'  a 
large  part  of  the  Pythagorean  school,  and  ApoUonius  the 
Myndian,  regarded  comets  as  celestial  bodies,  returning  at 
determinate  periods  in  long  planetary  paths, — on  the  other 
hand,  the  powerful  anti-Pythagorean  school  of  AristoQe  and 
Epigenes,  combated  by  Seneca,  declared  them  to  be  products 
of  meteorological  processes  in  our  atmosphere  (^7®).  Ana- 
logous fluctuations  of  opinion  between  cosmical  and  telluric 
hypotheses,  between  >eKtemal  space  and  the  atmosphere  of 
our  own  planet,  will  in  the  end  conduct  us,  in  the  cm  of 
aerolites  also,  to  the  reception  of  just  view9« 
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IV. 


BIN6  OP  ZODIACAL  U6HT. 


Tn  our  richly  varied  Solar  Sjstem^  several  of  the  distinct 
classes  of  bodies  of  which  it  consists  have  only  been  recognised 
by  us  in  their  existence^  place,  and  form,  at  successive  inter- 
vals of  time,  in  the  last  two  centuries  and  a  half.  There 
have  thus  been  made  known  to  us : — ^First,  subordinate  or 
particular  systems,  in  which,  in  analogy  with  the  chief  or 
general  system  of  the  solar  domain,  smaller  cosmical  sphereo- 
dised  bodies  revolve  around  a  larger  one ; — ^next,  the  exist- 
ence of  concentric  rings  surrounding  one  of  the  less  dense 
exterior  planets,  being  also  the  one  amongst  them  which  is 
most  rich  in  sateUites ; — next,  the  existence  and  the  probable 
material  cause  of  the  mild,  pyramidaUy  shaped.  Zodiacal 
Light,  very  visible  to  the  unassisted  eye ; — next,  the  mutually 
intersecting  orbits  of  what  are  called  the  small  planets  or 
asteroids,  situated  beyond  the  zodiacal  zone,  and  included 
between  the  domains  of  two  primary  planets; — and  lastly, 
the  remarkable  group  of  inner  comets,  whose  aphelia  are  less 
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remote  than  the  aphdia  of  Saturn,  of  Uranus,  or  of  Neptune. 
In  a  cosmical  presentation  or  description  of  the  Universe, 
it  is  right  to  recall  this  variety  or  diversity  between  different 
members  of  the  solar  system,  which,  however,  by  no  meaDS 
excludes  uniformity  of  origin  and  permanent  dependence  on 
the  same  motive  forces. 

Great  as  is  still  the  obscurity  which  surrounds  the  mate- 
rial or  physical  cause  of  the  2iodiacal  Light,  yet,  considering  tlie 
mathematical  certainty  tliat  the  limits  of  the  Sun's  atmosphere 
cannot  extend  beyond  -^  of  the  distance  of  Mercury,  the 
opinion  contended  for  by  Laplace,  Schubert,  Arago,  Foisson, 
and  Biot, — according  to  which  the  2iodiacal  Light  is  sup- 
posed to  proceed  from  a  detached,  vaporous,  flattened  ring, 
revolving  freely  in  space  between  the  orbits  of  Venus  and 
Mars, — would  seem  the  most  satisfactory  hypothesis  which 
presents  itself  in  the  present  very  defective  state  of  our 
knowledge.  In  the  Sun,  as  well  as  in  Saturn  (a  subordi- 
nate system),  the  outermost  limit  of  the  atmosphere  can 
only  extend  to  where  the  attraction  of  the  central  body 
(whether  primary  or  secondary)  exactly  balances  the  centri- 
fugal force :  the  portions  of  the  atmosphere  which  may  have 
passed  beyond  this  limit  become  detached,  and  must  pursue 
their  course  either  condensed  into  spheroidal  planets  or 
satellites,  or,  if  not  in  the  form  of  spheres,  in  that  of  soM 
or  of  vaporous  rings.  According  to  this  view,  the  ^'  Bing 
of  the  Zodiacal  Light''  would  take  its  place  in  the  category 
of  planetary  forms,  subject  to  the  general  laws  of  their  for- 
mation. 

From  the  small  progress  in  respect  to  observation  which 
has  been  made  in  this  neglected  j)art  'Of  our  astronomical 
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knowledge,  I  have  little  to  add  to  what  I  have  already  said 
concerning  it,  derived  from  my  own  experience  aud  from  that 
of  others  (Kosmos,  Bd.  i.  S.  142—149,  and  409—414,  Aimi. 
61—78;  Bd.iii.  8.3^3:  English  edit.  VoLi.  p.  127— 133, 
and  xxxiii.— isxvii.  Notes 91— 99 ;  Vol iii.  jt 22S) .  Twenty- 
two  years  before  the  Zodiacal  Light  was  seen  and  noticed  by 
Dominique  Cassini,  to  whom  its  first  observation  is  com- 
monly ascribed,  Childrey  (Chaplain  to  Lord  Henry  Somerset), 
in  his  Britannia  Bacoiiica,  published  in  1661,  recommended 
it  to  the  attention  of  astronomers  as  a  previously  undescribed 
pliffiuomenon,  which  he  had  seen  for  iicveral  years  in  the 
moTith  of  February  and  in  the  beginning  of  March.  I  think 
it  also  light  to  remind  my  readers  of  a  letter  from  Eotlimann 
to  Tycho  Brahe  {noticed  by  Olbers),  from  which  it  appears 
that,  as  early  as  the  end  of  the  16th  century,  Tycho  had 
seen  and  remarked  the  shining  of  the  Zodiacal  Light,  and 
had  taken  it  for  an  ahnormal  vernal  evening  twilight.  I  was 
myself  first  stimidated  to  make  this  phEcnomenon  the  object 
of  persevering  observation,  from  being  struck,  as  I  was 
quitting  Europe,  with  its  increasing  brightness  in  Spaiu,  on 
the  coast  of  Valencia,  and  in  the  plains  of  New  Castiile.  I 
found  that  the  strength  of  the  light,  I  might  almost  say  of 
the  illumination,  increased  astonishingly  as  1  approached  the 
equator  in  South  Araeiica  and  in  the  Pacific.  lu  the 
ever-dry  clear  air  of  Cumana,  in  the  grassy  steppes  (Llanos) 
of  Caracas,  on  the  high  table-lands  of  Quito  and  the 
Mexican  Lakes,  and  more  particularly  at  elevations  from 
eight  to  twelve  or  thirteen  thousand  feet,  where  I  was 
nble  to  remain  for  a  longer  time,  I  found  its  brightness 
sometimes  surpass  that  of  the  finest  parts  of  the  Milky  Way, 
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between  the  front  part  of  the  constellation  of  the  Ship  and 
Sagittarius ;  or,  to  name  portions  of  the  heavens  visihle  in 
our-own  hemisphere,  between  Aquila  and  Cygnus. 

On  the  whole,  however,  the  brightness  of  the  Zodiacal 
-Light  did  not  appear  to  me  to  increase  sensibly  with  the 
elevation  of  the  observer's  station,  but  rather  to  depend  prin- 
<5ipally  on  internal  variations,  t.  e.  on  greater  or  less  degrees 
of  luminous  intensity  in  the  phsenomenon  itself.  I  even 
remarked,  when  in  the  Pacific,  a  counter-glow,  like  that  of 
sunset.  I  have  said,  depending  "  principalltf*  on  internal 
variations,  because  I  by  no  means  deny  the  possibility  of  a 
concurrent  influence  from  the  greater  or  less  transparency  of 
the  upper  strata  of  the  atmosphere,  while  in  its  lower  strata 
my  instruments  indicated  no  hygrometric  changes,  or  some- 
times such  as  would  have  had  an  opposite  tendency.  Ad- 
vances in  our  knowledge  of  the  Zodiacal  Light  may  be 
most  hopefully  looked  for  from  the  tropical  regions,  whew 
meteorological  processes  attain  the  greatest  degree  either 
of  uniformity  or  of  regularity  in  their  periodical  variations. 
The  phsenomenon  is  there  perpetual :  and  a  careful  com- 
parison of  observations  at  stations  of  different  elevation, 
and  under  different  local  circumstances,  would  enable  us 
to  decide,  by  the  aid  of  the  calculus  of  probabilities,  what 
we  ought  to  ascribe  to  cosmical  luminous  processes,  and 
what  to  mere  meteorological  influences. 

It  has  been  stated  more  than  once,  that  for  several  8U^ 
cessive  years  scarcely  any  Zodiacal  Light,  or  only  a  very 
faint  trace  of  it,  has  been  seen  in  Europe.  Does  the  light 
appear  proportionally  enfeebled  in  the  equatorial  zone  in 
years  when  this  is  the  case  ?     Such  an  investigation,  how- 
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ever^  must  not  be  limited  to  the  configuration  of  the  lights 
derived  either  from  distances  from  known  stars^  or  from 
direct  measurements.  The  intensity  of  the  lights  its  unifor- 
mity^ or^  on  the  other  hand,  its  intermittence  (quivering  and 
flashing),  and  its  analysis  by  the  polariscope,  ought  to  be 
the  chief  objects  of  eziunination.  Ajrago  (in  the  Annuaire 
for  18S6,  p.  298)  has  ah*eady  pointed  out  that  a  compari- 
son of  the  observations  of  Dominique  Cassini  is  perhaps 
suflScient  to  show  ''que  la  supposition  des  intermittences 
de  la  diaphanite  atmospherique  ne  saurait  suffire  a  Texplica- 
tion  des  variations  signal^es  par  cet  astronome/^ 

Tnmiediately  after  the  first  Paris  observations  of  this  great 
observer^  and  of  his  friend,  Fatio  de  Duillier,  the  Zodiacal 
Light  attracted  the  regard  of  the  Indian  voyagers.  Pater 
Nod,  de  B^,  and  Duhalde ;  but  detached  notices  (for  the 
most  part  chiefly  occupied  with  describing  the  gratification 
afforded  by  the  unwonted  spectacle)  are  not  available  for  a 
thorough  discussion  of  the  causes  on  which  the  variability  of 
the  light  depends.     It  is  not  on  rapid  journeys,  or  voyages 
Called  voyages  of  circumnavigation,  as  the  endeavours  of  the 
active  Homer  have  shewn  in  more  recent  times  (Zach,  Mo- 
xiatl.  Corresp.  Bd.  x.  S.  337 — 340),  that  the  desired  object 
can  be  attained  in  a  thorough  and  satisfactory  manner.     A 
permanent  residence  of  several  years  in  some  of  the  countries 
of  the  tropics  is  requisite  for  obtaining  the  solution  of  the 
problems,  presented  by  the  variations  in  form  and  intensity 
of  the  Zodiacal  Light.     For  this  object,  as  well  as  for  me- 
teorology generally,  the  greatest  advantages  may  be  expected, 
'^^hen  scientific  cultivation  shall  at  lengtli  have  extended 
over  the  equinoctial  regions  formerly  called  Spanish  America, 
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where  large  populous  cities — Cuzco,  La  Paz,  and  Potoa— 
are  situated  at  10700  and  12500  (about  11400  and  13820 
English)  feet  above  the  level  of  the  sea.  The  numerical 
results  at  which  Houzeau  has  been  able  to  arrive,  and  which, 

• 

indeed,  could  only  be  based  'on  ^  small  number  of  accuiate 
observations,  render  it  probable  "that  the  major  axis  of  the 
Bing  of  the  Zodiacal  Light  does  not  coincide  with  the  plane 
of  the  Sun^s  equator,  and  that  the  vaporous  mass  of  the 
Sing,  whose  molecular  condition  is  wholly  unknown  to  us, 
does  not  pass  beyond  the  Earth's  orbit  (Schum.  Astr.  Nachr. 
No.  492). 
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V. 


FALLING  STABS^  BALLS  OF  FIRE^  AND  METEORIC  STONES. 


Since  the  spring  of  1845,  when  I  published  the  first 
volume  of  Kosmos,  containing  the  Picture  of  Nature  or 
General  View  of  Cosmical  Phsenomena,  the  earlier  results  of 
observation  of  falls  of  Aerolites,  and  of  periodical  streams  of 
falling  stars  which  were  then  at  my  disposal,  have  been 
largely  augmented,  thus  rendering  our  knowledge  on  the 
subject  in  many  ways  more  extensive  and  more  correct. 
Many  questions  have  undergone  stricter  and  more  critical 
examination,  more  especially  the  very  important  one  of 
what  has  been  called  "  radiation/'  i,  e,  points  of  de- 
parture from  whence  the  shooting  stars  appeRr  to 
proceed,  at  the  recurring  epochs  or  periods  at  which 
they  are  seen  to  fall  in  unusual  abundance.  Becent 
observations,  the  results  of  which  present  a  high  degree  of 
probability,  have  also  augmented  the  number  of  such  epochs, 
of  which  the  August  and  November  periods  were  for  a  long 
time  the  only  ones  which  attracted  attention.  The  merito- 
rious exertions,  first  of  Brandes,  Benzenberg,  Olbers,  and 
Bessel;  and  subsequently  of  Erman,  Boguslawski,  Quetelet, 
Feldt,  Saigey,  Eduard  Heis,  and  Julius  Schmidt,  have  led 
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to  the  employment  of  more  exact  corresponding  measQr^ 
ments ;  while  at  the  same  time  a  more  widely  prevailing 
mathematical  training  has  rendered  observers  less  liable  to 
persuade  themselves  of  the  accord  of  uncertain  observations 
with  a  previously  conceived  theory. 

The  progress  of  our  knowledge  respecting  igneous  me- 
teors will  be  the  more  rapid  the  more  impartially  facts  are 
separated  from  opinions^  so  that  while  carefully  sifting  or 
testing  all  alleged  particular  facts^  on  the  one  hand^  we  may 
not,  on  the  other,  fall  into  the  error  of  rejecting  as  bad  or  as 
uncertain  observations,  whatever  results  we  are  not  yet  able 
to  explain.     It  appears  to  me  most  important  to  separate 
physical  relations,  from  those  geometrical  and  nmnerical 
relations  which  admit,  generally  speaking,  of  more  certain 
and  assured  investigation.     To  this  latter  class  belong— 
altitude;  velocity;  unity  or  multiplicity  of  points  of  d^ 
parture  where  "  radiation^'  is  recognised ;  mean  number  of 
igneous  meteors,  whether  in  sporadic  or  periodic  phsenomenB, 
reduced,  in  order  to  determine  their  frequency,  to  the  same 
standard    of  measure  in  time,  magnitude,  and  form, — ^aU 
being  considered  in  connection  with  the  seasons  of  the  year, 
and  with  hours,  or  intervals  before  and  after  midnight.  The 
investigation  of  both  classes  of  circumstances  or  relations, 
viz.  the  physical  and  the  geometrical,  will  gradually  lead  {o 
one  and  the  same  object,  i.  e.  to  ''genetic'^  cousideradoof 
on  the  true  nature  and  character  of  these  phsenomeua. 

I  have  before  pointed  out  that,  generally  speaking,  pur 
communication  with  the  regions  of  cosmical  space  is  solelf 
through  light-  and  heat-exciting  undulations,  and  througk 
the  mysterious  forces  of  attraction,  exerted  by  distant  masses 
or  celestial  bodies  according  to  the  quantity  of  their  material 
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artidea,  on  our  globe,  its  oceans^  and  its  atmosphere.    The 
iminous  vibration  which  proceeds  from  the  smallest  tele- 
Dopic  fixed  star  in  a  resolvable  nebula^  to  the  impression  of 
rhich  our  eye  is  susceptible^  brings  to  us^  (as  is  mathemati- 
ally  shewn  by  the  sure  knowledge  we  possess  of  the  velocity 
tnd  aberration  of  light)^  the  evidence  of  the  most  ancient 
sadstence  of  matter  of  which  we  are  cognisant  (^79).     By 
a  simple  combination  of  ideas^  a  luminous  impression  received 
from  the  depths  of  star-filled  space  leads  us  back  more  than 
a  myriad  of  ages  into  the  depths  of  primeval  time.    Tlie 
lominous  impression  given  by  streams  or  showers  of  falling 
stais^  aerolite-discharging  fire-balls^  or  similar  igneous  me- 
teors, are  of  a  wholly  different  nature,  since  they  only  kindle 
or  become  ignited  on  arriving  at  or  entering  the  Earth's 
■tmosphere;  and,  on  the  other  hand,  the  falling  aerolite 
affords  the  only  instance  of  actual  material  contact  with 
something  foreign  to  our  globe.     "Accustomed  to  know 
iion-telluric  bodies  solely  by  measurement,  by  calculation,  and 
by  the  inferences  of  our  reason,  it  is  with  a  kind  of  astonish- 
ment that  we  touch,  weigh,  and  submit  to  chemical  analysis, 
Dietallic  and  earthy  masses  appertaining  to  the  world  with- 
out/'— to  the  celestial  spaces  external  to  our  planet ;  and 
ttat  we  find  in  them  our  native  minerals,  rendering  it  pro- 
W)le,  as  was  already  conjectured  by  Newton,  that  substances 
WoDging  to  one  group  of  cosmical  bodies,  or  to  one  plane- 
tary system,  are  for  the  most  part  the  same  (^^^). 

We  are  indebted  to  the  diligence  of  the  Chinese,  and  to 
tbeir  habit  of  recording  everything  in  registers,  for  the  oldest 
chronologically  determined  falls  of  aerolites.  Accounts  ot 
this  kind  go  back  to  644  years  before  our  era;  therefore  to 
the  time  of  Tyrtseus  and  of  the  second  Messenian  War  of  the 
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Spartans^  176  years  before  the  fall  of  the  enormous  meteoiic 
mass  at  ^Egos  Fotamoi.  Edooard  Biot  has  discovered  in  the 
Ma-tuan-Un,  which  contains  extracts  from  the  astronomical 
section  of  the  oldest  imperial  annals,  16  feJls  of  aerolites  for 
the  interval  between  the  middle  of  the  7th  century  B.C.  and 
the  333d  year  of  our  era ;  whereas  Oreek  and  Boman  writen 
mention  only  4  such  phsenomena  for  the  same  interval. 

It  is  worthy  of  remark,  that  the  Ionic  school,  in  eailf 
accordance  with  our  pvesent  opinions,  assumed  the  cosmical 
origin  of  meteoric  stones.  The  impression  made  on  all  tk 
Hellenic  nations  by  so  grand  a  phsenomenon  as  that  of 
iEgos  Potamoi  (at  a  spot  which  62  years  later  was  ren- 
dered still  more  celebrated  by  the  victory  of  Lysander  over 
the  Athenians,  which  terminated  the  Peloponnesian  War), 
must  have  exercised  a  decided  and  not  sufficiently  re- 
garded influence  on  the  direction  and  development  of  the 
Ionic  Physical  Philosophy  (^s*).  Anaxi^oras  of  Clazo- 
mene  was  at  the  ripe  age  of  32  years  when  this  remarka- 
ble event  in  nature  took  place.  He  viewed  the  heavenlj 
bodies  in  general  as  stony  masses  torn  off  from  the  Earth 
by  the  violent  action  of  the  revolving  force  (Plut.  dc 
plac.  Philos.  iii.  p.  13 ;  and  Plato  de  legib.  xii.  p.  9667), 
and  deemed  that  these  solid  stony  bodies  were  rendered 
glowing  by  the  fiery  aether,  so  that  they  radiate  back  the 
light  imparted  to  them  by  the  aether.  According  to  Theo- 
phrastus  (Stob.  Eclog.  phys.  lib.  i.  p.  560),  Anaxagoras 
said  that,  lower  than  the  Moon,  and  between  it  and  the 
Earth,  there  move  yet  other  dark  bodies,  which  may  occa- 
sion ecKpses  of  the  Moon  (Diog.  Laert.  ii.  12 ;  Qrigenes^ 
Philosophum,  cap.  8).  Diogenes  of  ApoUom'a,  who,  though 
not  a  scholar  of  Anaximenes  (^^a),  probably  belonged  to  a 
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period  intermediate  between  Anaxagocaa  and  Deraocritus, 
expresses  himself  atill  more  clearly  respecting  tlie  structure 
of  the  Ujiiverse.  According  to  him,  as  I  have  already  re- 
marked elsewhere,  "together  with  the  visible  stars  there 
move  other  invisible  ones,  which  are  therefore  without  names. 
These  sometimes  fall  upon  the  Earth  and  are  extinguished, 
as  took  place  with  the  star  of  stone  whieh  fell  at  ^■Egoa 
Potamoi"  (Stob.  Eclog.  p.  508)  O, 

The  "opinion  of  some  natural  philosophers"  respecting 
igneous  meteors  (falling  stars  and  aerolites),  developed  in 
detail  by  Plutarch  in  the  Life  of  Lysauder  (cap.  12),  is  quite 
that  of  the  Cretan  Diogenes.  It  is  there  said,  "falling 
stars  are  not  emanations  or  rejected  portions  thrown  off  from 
the  ethereal  fire,  which,  when  they  come  into  our  atmosphere, 
are  extinguished  after  being  kindled ;  they  are  rather  celes- 
tial bodies,  wliich,  having  once  had  an  impetus  of  revolution, 
fell,  or  are  cast  down,  to  the  Earth  by  its  intermission"  (^^*). 
"We  find  nothing  of  this  view  of  the  structure  of  the  Uni- 
verse, or  of  the  assumption  of  dark  bodies  wliich  fall  on  our 
Daith  &om  tbe  celestial  regions,  in  the  teaching  of  the 
tincient  Ionic  school,  from  Tliales  and  Hippo  to  Empedo- 
des  (**^).  The  impression  of  tlie  great  natural  event  above 
alluded  to,  which  took  place  in  the  78th  Olympiad,  appears 
to  have  had  a  powerful  effect  in  calling  forth  ideas  connected 
■with  tbe  fall  of  dark  masses.  In  the  late  pseudo-Plutarch 
writings  (Plac.  ii.  13),  we  merely  read  that  the  Milesian 
Thales  rrgardcd  "all  the  heavenly  bodies  as  earthy  and 
igneous  bodies  (yiuiSqirai  E^irvpn)."  Tile  efforts  and  ten- 
dencies of  the  eurli/  Ionic  physiology  were  directed  to  seek- 
ing out  the  primeval  beginning  of  things;  the  origin  of  sub- 
s  by  mixture,  and  their  gradual  alteration  and  transi- 
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tion  into  one  another ;  and  to  processes  of  formation  by 
solidification  or  by  rarefaction.      The  revolution  of  the 
celestial  sphere,  ''  which  keeps  the  Earth  steadfast  in  the 
centre/'  is,  indeed,  already  mentioned  by  Empedodes  as  an 
active  moving  cosmical  force.    As  m  these  first  remote  pie- 
lades,  as  it  were,  to  physical  theories  of  an  eether,  the  fieiy 
air,  and  even  fire  itself,  represent  the  expansive  force  of  heai^ 
so  there  was  connected  with  this  upper  eethereal  region  the 
idea  of  an  impetus  of  revolution  tearing  away  rocky  frag- 
ments from  the  Earth.     Hence  Aristotle  (Meteorol.  i.  339, 
Bekker)  terms  the  eether  ''thefor-ever-moving  body"— « 
it  were,  the  immediate  substratum  of  motion, — ^and  seeb 
etymological  reasons  for  this  assertion  (^.    Therefore  we 
find  in  the  biography  of  Lysander,  ''that  the  intermission  of 
the  rotative  force   causes  the  fall  of  heavenly  bodies;^  n 
also  in  another  place,  where  Plutarch  is  evidently  allnding 
to  the  opinions  of  Anaxagoras,  or  of  Diogenes  of  Apollonia 
(de  Facie  in  Orbe  Lunee,  p.  923),  he  puts  forward  the  state- 
ment, "  that  the  Moon,  if  its  force  of  revolution  ceasedi 
would  fall  to  the  Earth,  like  the  stone  in  the  sling"'  (6S7).  We 
see  in  this  comparison  of  the  sling,  how  the  idea  of  a  ooi- 
trifugal  force  of  rotation  or  revolution,  which  Empedocles 
recognised  in  the    (apparent)    revolution   of  the  cdestiil 
sphere,  gradually  came  to  have  associated  with  it  the  corre- 
sponding, or  counterpart,  idea  of  a  centripetal  force.    This 
force  was  more  clearly  and  specifically  indicated  by  the  most 
sagacious  of  all  the  elucidators  of  Aristotle,  Simplicius  (page 
491,  Bekker).     He  proposes  to  explain  the '' non-felKng'' 
of  the  heavenly  bodies  by  the  ''  force  of  revolution  prevail- 
ing over  the  proper  falling  force,  or  downward  traction.'* 
These  are  the  first  presentiments  or  anticipations  respectiog 
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active  central  forces ;  and  in  a  similar  roaaiLer,  recognising 
as  it  were  the  inertness  on  force  of  inertia  in  matter,  Jonn 
Philoponus,  of  Alexandria,  a  scholar  of  Ammonius  Hermeie, 
and  probably  also  of  the  6th  century,  ascribes  "  the  motion 
of  the  revolving  planets  to  n  primitive  impetus,"  which  he 
combines  with  the  idea  of  "  falling,"  i.  e.  the  idea  of  "  a 
tendency  in  all  matter,  heavy  or  light,  towards  the  Earth" 
(de  Creatione  Mundi,  lib.  i.  cap.  12).  We  have  thus 
attempted  to  shew  how  a  grand  natural  phfenomenon,  and 
the  earliest  purely  cosmical  explanation  of  the  fall  of  aero- 
lites, contributed  materially  to  promote,  in  Grecian  antiquity, 
the  gradual  development,  not  indeed  by  mathematical  com- 
bination, of  the  germs  of  that  which,  by  the  mental  labour 
of  succeeding  centuries,  led  to  the  recognition  of  the  laws 
of  circular  motion  discovered  by  Huygens. 

Commencing  with  the  geometric  relations  of  periodical 
(not  sporadical)  falling  stars,  ws  direct  our  attention  by 
preference  to  that  which  more  recent  observations  have 
shewn  concerning  the  "  radiation,"  or  "  points  of  departure," 
of  the  meteors,  and  their  wholly  "  planetary  velocity."  Both 
these  features,  of  "radiation"  and  "velocity,"  characterise 
them,  with  a  high  degree  of  probability,  as  luminous  bodies 
iitdepeudeut  of  the  Earth's  rotation,  arriving  in  om"  atmo- 
sphere from  "  without,"  or  from  the  regions  of  space.  The 
North  American  observations  of  the  "  November  period," 
on  the  occasions  of  the  showers  of  falling  stars  in  that 
month,  in  the  years  1833,  1834,  and  1837,  had  caused  the 
direcrion  of  the  star  y  Leonis  to  be  indicated  as  the  point 
(rf  departure  J  and  the  observations  of  tlie  "  August  plite- 
"  in  1839,  indicated,  in  the  same  way,  the  star 
1  in  the  constellation  of  Perseus,  or  a  point  between 
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Perseus  and  Taurus.  Approximately,  these  points  or  "ra- 
diation-centres'' were  the  constellations  towards  which  the 
Earth  was  moving  at  the  respective  epochs  (^.  Saigey, 
who  had  submitted  all  the  American  observations  of  1833 
to  a  very  exact  investigation,  remarked  that  the  steady 
radiation  from  the  constellation  of  Leo  was  observed,  stricUj 
speaking,  only  after  midnight,  in  the  last  three  or  four  hours 
before  day-break;  and  he  further  notices,  that  out  of  18 
observers  between  the  city  of  Mexico  and  Lake  Huron,  only 
10  recognised  the  same  general  point  of  departure  of  the 
meteors  as  did  Denison  Olmsted,  Professor  of  Mathematics 
at  Newhaven,  Massachusetts  (^^s). 

The  excellent  memoir  of  Eduard  Heis,  at  Aix-la-ChapeUe^ 
which  presents  in  a  brief  and  condensed  form  very  exact 
observations  made  by  himself  on  periodical  returns  of  Ming 
stars  at  Aix  during  ten  years,  contains  results  respecting 
the  "  centres  of  radiation,''  which  are  the  more  important 
because  the  observer  has  submitted  them  to  a  rigid  mathe- 
matical discussion.  According  to  him  (^^),  the  faUing  stars 
of  the  November  period  are  characterised  by  their  paths 
being  more  dispersed  than  those  of  the  August  period.  But 
in  each  of  the  two  periods  there  were  observed  to  be^ 
simultaneously,  more  points  of  departure  than  one,  these 
being  by  no  means  always  situated  within  the  same  constel- 
lation, as  since  1833  had  been  too  hastily  assumed.  Heis 
found  in  the  August  periods  of  1839,  1841,  1842,  1848, 
1844,  1847,  and  1848,  in  addition  to  the  principal  poini 
of  departure  in  Perseus,  two  others  situated  in  Draco  and 
in  the  North  Pole  (^^i),  "in  order  to  obtain  accuato 
results  in  respect  to  the  points  of  departure  of  the  paflii 
of  falling  stars  in  the  November  period,   in  the  yean 
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[B89,  1841,  1S46,  and  1S47,  the  mean  paths  belong- 
ing respectively  to  each  of  the  4  points  (in  Perseus,  Leo, 
Cassiopeia,  and  the  head  of  Draco),  were  laid  ijown  sepa- 
rately on  a  30-ineh  celestial  globe,  ancl  the  position  of  the 
point  from  which  the  greatest  number  of  paths  took  their 
departure  was  on  every  occasion  deduced.  The  result  de- 
rived fi-om  the  investigation  was,  that  out  of  407  falhng 
stars  of  which  the  paths  were  marked,  171  proceeded  from 
the  eoiisteUation  of  Perseus,  near  the  star  ij  in  the  head  of 
Medusa,  83  from  Leo,  35  from  the  part  of  Cassiopeia  near 
the  variable  star  n,  40  from  the  head  of  Draco,  and  fully 
78  from  undetermined  points.  Thus  the  falling  stars  which 
radiated  from  Perseus  were  almost  twice  as  numerous  as 
those  from  Leo"  (^^^). 

The  radiation  from  Perseus  would  appear  a  very  remark- 
able fact,  as  having  shewn  itself  in  both  periods.  An  acute 
observer,  who  has  been  occupied  for  eight  or  tea  years  with 
the  phienomena  of  meteors,  Julius  Scluntdt,  Assistant  at  the 
Astronomical  Observatory  at  Bonn,  expresses  himsdf  very 
distinctly  on  this  subject,  in  a  letter  to  myself,  written  in 
July  1851 : — "  Abstracting  the  abundant  falls  of  shooting 
stars  of  November  1833  and  1S34,  as  well  as  some  later 
ones,  in  which  the  point  in  Leo  seemed  to  send  forth  swarms 
of  meteors,  I  am  at  present  inclined  to  regard  the  point  of 
convergence  in  Perseus  as  that  which  furnishes  the  greatest 
number  of  meteors,  not  only  in  August,  but  throughout  the 
year.  Taking  as  my  basis  the  values  derived  from  478 
observations  by  Heis,  I  find  that  this  point  is  situated  in 
B0°  3'  R.A.,  and  51"  5'  Decl, :  this  apjdies  to  the  years 
1844— 1S46.  In  November  1849  (7th  to  14th),  I  saw 
3  hundred  more  falling  stars  than,  since  1 841, 1  had  ever 
1  the  month  of  November.     Of  these,  generally 
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speaking,  only  a  few  came  from  the  constellation  of  Leo; 
by  far  the  greater  number  from  that  of  Perseus.  Hence  it 
appears  to  me  to  follow^  that  the  great  November  phseno- 
menon  of  1799  and  1833  did  not  reappear  at  that  time 
(1841).  Olbers  also  believed  the  maximum  effect  in  tiie 
November  phenomenon  to  have  a  period  of  34  years  (Kob- 
mos,  Bd.  i.  S.  132 ;  English  edit.  p.  117).  If  we  consida 
the  directions  of  the  paths  of  the  meteors  in  all  their  com- 
plication^ and  have  regard  to  their  periodical  return,  we 
find  that  there  are  certam  points  or  centres  of  radiatkm 
which  always  recur,  and  others  which  appear  only  sporadi- 
cally and  in  a  variable  manner.^' 

Whether  the  different  points  of  departure  vary  from  yeat 
to  year, — which,  if  we  assume  the  existence  of  ''closed 
rings,''  would  indicate  an  alteration  in  the  situation  of  the 
rings  in  which  the  meteors  move, — cannot  as  yet  be  certainty 
determined  from  the  observations.  A  fine  series  of  such 
observations,  by  Houzeau  (in  the  years  1839 — 1842),appeai8 
to  testify  against  a  progressive  variation  (^^3).  Eduard  Heis 
has  shewn  very  justly  (^9*)  that  in  Greek  and  Boman  anti- 
quity, attention  had  already  been  drawn  to  a  certain  tempo- 
rary uniformity  in  the  direction  in  which  the  falling  stars 
shot  across  the  celestial  vault :  this  direction  was  then  re- 
garded as  the  effect  of  a  wind  already  beginning  to  blow  in 
the  higher  parts  of  the  atmosphere,  and  was  thus  believed 
to  announce  to  navigators  an  approaching  gale  from  the 
same  quarter,  which  might  be  expected  to  descend  from  the 
upper  to  the  lower  regions. 

If  the  periodical  streams  of  shooting  stars  are  distinguished 
from  sporadical  ones  by  the  general  parallelism  of  the  paths, 
or  by  their  radiating  from  one  or  more  determinate  points  of 
departure,  a  second  criterion  is  also  afforded  by  the  nam- 
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)ers  in  a  given  interval  of  time.    This  brings  us  to  the  muoh 
untested  problem  of  the  distinction  between  an  extraordi- 
lary  and  an  ordinary  fall  of  shooting  stars.     Two  excellent 
>b8erTers^  Olbers  and  Quetelet,  have  respectively  assigned, 
the  one  6  or  6,  and  the  other  8,  as  the  mean  or  average 
hourly  number  of  meteors  visible  within  one  person's  sphere 
of  vision  (*^)  on  days  not  extraordinary.    The  discussion  of 
a  very  large  number  of  observations  is  required  for  the  elu- 
cidation of  this  question,  which  is  as  important  as  the  deter- 
mination of  the  laws  in  respect  to  their  direction.     I  there- 
fore   addressed    myself  with  confidence   to    the    already 
mentioned  observer,  Julius  Schmidt,  at  Bonn,  who,  long 
accustomed  to  astronomical  accuracy,  has  also  comprehended 
in  his  labours,  with  the  animated  zeal  which  belongs  to  him^ 
the  whole  of  the  phenomenon  of  meteors,  of  which  the  for- 
mation of  aerolites  and  their  precipitation  or  fall  upon  the 
surface  of  the  Earth  are  regarded  by  him  as  only  one  of  the 
phases^ — the  rarest,  and  therefore  not  the  most  important. 
The  following  are  the  principal  results  contained  in  the 
communications  with  which,  in  compliance  with  my  request, 
he  has  favoured  me  (^^). 

''Between  three  and  eight  years  of  observation  have  given 
for  the  phsenomenon  of  sporadic  shooting  stars  the  mean 
number  of  from  4  to  3  per  hour :  this  is  the  ordinary  state, 
as  distinguished  from  a  periodical  phsenomenon.  Thti 
mean  numbers  of  sporadically  shooting  or  falling  stars  per 
hour,  in  the  several  months,  are  as  follows  : — 

January,  3*4;  February, — ;  March,  4*9;    April,  2*4; 
May,  8'9;  June,  5*3;  July,  4*5;  August,  5*3;  Sep- 
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tember,  4*7  ;  October,  4*5 ;  November,  5*3 ;  Decoi- 
ber,  4*0- 

In  periodical  falls  of  meteors  we  may  eiipect,  on  the 
average,  from  IS  to  15  in  each  hour.  Eor  a  single  period, 
that  of  August, — ^the  stream  of  St.  Lawrence,— we  find  on 
the  mean  of  from  3  to  8  years  of  observation,  the  following 
gradual  increase  of  numbers  from  the  ordinary  sporadkali 
to  the  extraordinary  periodical^  phsenomenon : — 


Time. 

6th  August 

7th 

8th 

9th 
10th 
11th 
12th 


99 


^9 


99 


99 


99 


99 


Number  of 
Meteors  per  Hour. 

.     6  . 

.  11  . 

.  15  . 

.  29  . 

.  31  . 

.  19  . 

.     7  . 


NmnlierofTaB 
of  Obaemlioi. 

.  1 

.  8 

.  4 

.  8 

.  6 

.  5 

.  3 


August  of  the  last  year,  1851,  (a  single  year  therefm) 
gave  per  hour,  notwithstanding  the  bright  pioonlight, — 

7th  August 8  meteors. 

8th      „  8 

9th      „  16 

10th       „  18 

nth      „  8      „ 

12th      „  1  meteor. 


n 

M 
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[According  to  Heia,  there  were  observed,  ou  the  10th  of 
August — 

In  ]8-:J9,  in  1  hour 160  meteors. 

_       lalSil         „  43       „ 

ft    In  ISiS  50       „ 

^Hui  1842  there  fell,  in  the  August  stream  of  meteors,  at 
tne  time  of  the  maximum  of  the  pliEeuomenoii,  34  shooting 
stars  in  10  minutes.  All  these  numbers"  refer  to  the  sphere 
of  vision  of  one  observer.  Since  18^8,  the  November  fulls 
have  been  less  remarkable.  (However,  ou  the  12t!i  of  No- 
vember, 1S39,  Heis  still  counted  from  22  to  35  meteors 
per  hour  ;  and  on  the  13th  November,  1846,  from  27  to 
33.)  So  much  do  tlie  streams  of  meteors  differ  in  abun- 
dance in  particular  years.  The  number  of  falling  meteors 
is,  however^  always  considerably  greater  at  those  perioda 
than  in  ordinary  nights,  which  shew  only  4  or  5  sporadi- 
caUjf  shooting  stars  in  an  hour.  It  is  in  January  (reokoii- 
ing  from  the  4th),  in  February,  and  in  March,  that  meteors 
appear  to  be  most  rare''  (^^^). 

"Although  the  August  and  November  periods  are,  with 
reason,  the  most  remarked,  yet,  since  falling  stars  have  been 
observed  with  greater  watchfulness  and  exactness,  both  in 
1  to  number  and  paralleiism,  five  other  periods  have 
p  been  recognised  ; — 
January :  the  two  or  three  first  days,  from  the  1st  to 

;  still  somewhat  doubtful. 

April:   IStiior  20th?  previously  conjectured  by  Arago. 

Great  streams  occurred  on  the  25th  of  April,  1095 ;  22d 

Itpri!,  1800;  20th  April,  1S03  (Kosmos,  Bd.  i.  S.  404; 

I.  p.xxix.  Note74;  Auauaire pour  lS36,p.297), 

May:  !i6th? 
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July :  26th  to  30th ;  Quetelet.  "lUaximam  more  par- 
ticularly between  the  27th  and  29th  July.  The  lamented 
Edouard  fiiot  found  from  the  oldest  Chinese  observations 
a  general  maximum  between  the  18th  and  27th  of  July. 

August :  but  prior  to  the  stream  of  8t.  Lawrence^  and 
particularly  between  the  2d  and  6th  of  the  month.  Tor 
the  most  part  no  regular  increase  is  observed  from  the 
26th  of  July  to  the  10th  of  August. 

The  ''  August  period,''  or  "  stream  of  St.  Law- 
rence'' itself;  Muschenbroeck  and  Brandes  (Eosmos^ 
Bd.  i.  S.  130  and  408 ;  English  edit.  pp.  114  andxxm 
Notes  71  and  73).  A  decided  maximum  on  the  10th  of 
August  observed  for  many  years.  (An  ancient  tradition 
prevails  in  Thessaly,  in  the  mountainous  districts  aronnd 
Mount  Pelion,  that  during  the  night  of  the  Feast  of  the 
Transfiguration,  on  the  6th  of  August,  the  heavens  open, 
and  lights,  or  caudles,  icav^^Xca,  appear  in  the  midst  of  the 
opening.  Herrick,  in  Silliman's  Amer.  Jour.  Vol.  xxxvii. 
1839,  p.  837;  and  Quetelet,  in  the  Nouv.  M^m.  de 
I'Acad.  de  Bruxelles,  T.  xv.  p.  9.) 

October:  the  19th  and  about  the  26th.  Quetelet; 
Boguslawski  in  the  ^'Arbeiten  der  schles.  GeseUschaft 
fiir  vaterl.  Cultur,"  1843,  S.  178;  and  Heis,  S.  83. 
Heis  brings  together  observations  of  the  21st  Oct.  1766, 
18th  Oct.  1838,  17th  Oct.  1841,  24th  Oct.  1845, 
11th— 12th  Oct.  1847,  and  20th— 26th  Oct.  1848. 
(On  the  three  October  phsenomena  in  the  years  902, 
1202,  and  1866,  see  Kosmos,  Bd.  i.  S.  133  and  898; 
English  edit.  p.  118  and  p.  xxiv.)  The  conjecture  of 
Boguslawski,  that  the  Chinese  meteor-swarms  of  18th — 
27th  July,  and  the  great  fall  of  shooting  stars  of  1866, 
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on  the  2lBt  October  (Old  Style),  were  the  August  and 
November  perioda  which  have  now  moved  forward,  loses 
much  of  its  weight  by  the  considerable  amount  of  new 
erperience  gained  from  1838  to  1848  ("s). 

November :  12th  to  14th  day;  very  rarely  the  8th  or 
10th.  The  great  fall  of  meteors  at  Cumana,  11th— 13th 
November,  1799,  which  was  described  by  Bonpland  and 
myself,  so  for  gave  occasion  to  the  belief  in  periodically 
returning  piifenomeoa  on  determinate  days,  that  when  the 
limilarly  great  meteor-fall  of  1833  (Nov.  12th— 13th) 
took  place,  the  phEenomenon  of  1799  was  remem- 
bered (fiW). 

December:  9th — 12th;  but,  according  to  Brandes' 
observation,  Dec.  6th— 7th,  in  1798 ;  Herrick,  in  New- 
haven,  1838,  Dec.  7th— 8th;  Heis,  1847,  Dec.  8th 
Bnd  10th. 


These  eight  or  nine  epochs  of  periodical  streams  of  me- 
teors, of  which  Ihe  hist  five  are  the  best  assured,  are  here 
recommended  to  the  diligence  of  observers.  Tilot  only  do 
the  streams  differ  from  each  other  in  difTerent  months,  but 
also  the  abundance  and  brightness  of  the  same  stream  differ 
strikingly  in  different  years. 

"  The  upper  limit  of  the  height  above  the  Earth  of  falling 
stars  cannot  be  accurately  made  out,  and  Gibers  already 
regarded  aU  heights  of  above  30  German,  or  120  English 
geograpliical  miles,  as  very  uncertainly  determined.  The 
lower  limit,  formerly  assigned  as  usually  about  16  miles  (or 
upwards  of  95000  feet),  must  be  considerably  diminished. 
Some  are  found  by  measurement  to  descend  almost  as  low 
as  the  summits  of  Chimborazo  and  Aconcagua,  or  to  witliin 
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4  geographical  mfles  of  the  level  of  the  sea.  On  the  other 
hand,  Heis  remarks  that^  by  exact  calculation^  a  shooting 
star  seen  on  the  10th  of  Jnly,  1837^  simultaneously  at  Ber- 
lin and  at  Breslau,  shone  out  first  at  an  elevation  of  62 
German^  or  248  English  miles,  and  disappeared  at  the 
height  of  42  German,  or  168  English  miles:  other 
shooting  stars,  on  the  same  night,  vanished  at  the  height  of 
56  English  geographical  miles.  From  the  older  investiga- 
tion of  Brandos  (1823),  it  followed  that  out  of  100  shooting 
stars  seen  and  well  measured  from  two  stations,  4  had  an 
elevation  of  only  from  4  to  12  English  geographical  miles, 
15  between  12  and  24;  22  between  24  and  40;  35  (about 
one-third  of  the  whole  number)  between  40  and  60 ;  13 
between  60  and  80;  and  only  11  (about  one  in  ten  of  the 
whole)  above  80,  these  being,  indeed,  mostly  between  180 
and  240  English  geographical  miles.  The  inferences  in 
respect  to  the  colour  of  shooting  stars,  derived  from  a  col- 
lection of  4000  observations,  extending  over  9  years,  were : 
that  l  are  white,  -f  yellow,  ^y  orange,  and  only  ^  green.'* 

Olbers  remarked  that,  at  Bremen,  during  the  fall  of  me- 
teors in  the  night  of  the  12th — 13th  November,  1838,  there 
was  a  fine  Aurora  Borealis,  which  covered  a  large  portion  of 
the  heavens  with  a  vivid  blood-red  light ;  and  that  the  falling 
stars  which  shot  across  tliis  region  preserved  their  whiteness 
unimpaired.  Hence  it  may  be  inferred  that  the  beams  of 
the  Aurora  were  further  from  the  Earth  than  the  shooting 
stars,  when  these  last  became  invisible  in  their  fall  (Schum. 
Astr.  Nachr.  No.  372,  S.  178). 

The  relative  velocity  of  motion  of  shooting  stars  has 
hitherto  been  estimated  at  from  4  j^  to  9  German,  or  18  to 
36  English  geographical  miles  in  a  second ;  while  the  Earth 
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rhaa  only  a  velocity  of  translation  of  4"1  Gerraan,  or  16'4 
"English  geographical  milca  (Kosmos,.Bcl.  i.  S.  127  and  400 ; 
English  edit.  p.  112  and  xxv.  Note  68).  Corresponding 
observations  by  Julius  Schmidt,  at  Bonn,  and  Heis,  at  Aix-la- 
Chapelle,  in  1849,  gave,  indeed,  as  the  mioimuia  velocity  of 
B  shooting  star,  which  was  seen  st  a  perpendicular  height  of 
48  miles  above  St.  Goar,  and  moved  in  the  direction  of  the 
Lake  of  Laach,  only  14  EngUsh  geographical  miles.  Ac- 
cording to  other  observations  of  the  same  observers,  and  of 
Houzeau  at  Mons,  however,  the  velocity  of  four  shooting 
Kstars  was  found  between  4G  and  95  English  geographical 
■  miles  in  a  second,  therefore  twice  and  five  times  as  gi-eat  as 
the  planetary  velocity  of  the  Earth,  The  strongest  evidence 
of  a  cosmieal  origin  is  afforded  by  tliia  result,  taken  in  con- 
Bection  with  the  circumstance  that  periodical  shooting  stars 
continue  for  several  hours  to  proceed,  independently  of  the 
Earth's  rotation,  from  one  and  the  same  star,  although  the 

^^  direction  of  the  star  may  not  lie  that  towards  which  the 

^■£arth  is  then  moving. 

^M    According  to  existing  measurements,  balls  of  fire  appear 

^  on  the  whole  to  move  more  slowly  than  shooting  stars. 
When  meteoric  stones  drop  from  fire-balls,  it  is  deserving  of 
remark  to  how  small  a  depth  they  sink  into  the  ground. 
The  mass,  weighing  276  pounds,  which  fell  on  the  7th  of 
November,  1492,  at  Ensisheim,  in  Alsace,  only  penetrated 
to  a  depth  of  about  3  feet ;  and  the  same  was  the  case  with 
the  aerolite  of  Braunau,  on  the  14th  of  July,  1847.  I  only 
know  of  two  meteoric  stones  which  tore  up  the  loose  soil  to 
it  depth  respectively  of  (i  and  18  feet;  the  aerolite  of  Castro 
fc'Villari,  in  the  Abruzzi,  of  the  9th  of  February,  1583,  and 
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that  of  Hradschina,  in  the  Agram  district^  26ih  of  Maji 
1761. 

The  question  whether^  in  shooting  stars,  any  substance 
falls  to  the  earth,  has  been  much  discussed,  and  opposite 
opinions  have  been  entertained.  The  straw-thatched  roo& 
of  the  Commune  of  Belmont  (Departement  de  TAir,  Arron« 
dissement  Belley),  which  were  set  on  fire  by  a  meteor  on  the 
night  of  the  13th  of  November  (the  epoch,  th^iefore,  of  the 
November  phsenomenon),  were  ignited,  it  would  appear,  not 
by  the  fall  of  a  shooting  star,  but  by  a  bursting  fire-ball, 
which,  firom  the  account  given  by  Millet  d'Aubenton,  is 
supposed,  (though  this  is  uncertain,)  to  have  let  fall  aerolites. 
A  similar  conflagration,  occasioned  by  a  ball  of  fire,  hs^ 
pened  on  the  22d  of  March,  1846,  at  8  in  the  aftemoon|  is 
the  Commune  de  St-.Paul,  near  Bagn^re  de  Luchon.  The 
fall  of  stones  which  took  place  at  Angers  on  the  9th  of  Jrme, 
1822,  was,  on  the  other  hand,  attributed  to  a  fine  shooting 
star  seen  near  Poitiers.  This  phsenomenon,  which  has 
not  been  described  with  sufficient  fulness,  deserves  the 
greatest  consideration.  The  falling  star  in  question  resem- 
bled much  what  are  called  Eoman  Candles  in  fireworks.  It 
]eft  behind  a  straight  train  or  streak,  very  narrow  in  the 
upper,  and  very  broad  in  the  lower  part;  of  great  bright- 
ness, and  lasting  ten  or  twelve  minutes.  Sixty-eight  miles 
north  of  Poitiers  an  aerolite  fell,  accompanied  by  loud  deto- 
nations. 

Do  the  substances  of  which  the  shooting  stars  consist 
always  burn  or  consume  in  the  outermost  strata  of  the 
atmosphere,  whose  refracting  power  is  shewn  by  the  phseno- 
mena  of  twilight  P  The  different  colours  exhibited,  as  men- 
tioned above,  during  the  process  of  combustion,  appear  to 


PORMOS  Of  THE  COSUm. — ^AZBOLTTGS.  437 

rJodicate  chemical  diversity  of  suhstfince.  The  form  of 
these  igneous  meteors  is  also  extremely  variable:  some 
appear  only  as  phosphoric  lines,  anil  these  so  slender  and 
numerous,  that  Forster,  in  the  winter  of  1832,  saw  the  sky 
appear  illuminated  by  them,  as  if  covered  by  a  faintly  shining 
veil(7Mj_  Many  shooting  stars  move  merely  as  shining 
points,  and  leave  no  tail  or  train  behind.  The  continued  burn- 
ing shewn  in  the  more  rapid  or  slower  disappearance  of  the 
trains,  which  are  usually  many  miles  in  length,  is  the  more 
remarkable,  because  the  burning  train  sometimes  bends  into 
B  curve,  and  makes  but  little  progressive  movement.  The 
circumstance  observed  by  Admiral  Kruaenslem  and  his 
companions  duriug  tlieir  voyage  of  circumnavigation,  of  the 
luminosity  continuing  for  some  hours  of  the  train  of  a  fire- 
ball which  had  itself  long  disappeared,  recalls  vividlj  to  our 
remembrance  the  "long  shining"  of  the  cloud  from  which, 
according  to  the  not  indeed  altogether  trustworthy  narration 
of  Damachos,  the  aerolite  of  JEgoa  Potamoi  is  supposed  to 
have  fallen  (Kosmos,  Bd.  i.  8.  395  and  407  ;  English  edit. 
pp.  xii.  and  xxsii.  Notes  60  and  87). 
^L  There  are  shooting  stars  of  very  di&erent  magnitudes, 
^Hieir  apparent  diameters  sometimes  increasing  untO  they 
^■be  equal  to  tliat  of  Jupiter  or  Venus.  In  the  fiU 
^K  aliooting  stars  at  Toulouse,  lOth  April,  1S12,  and  on 
HSie  occasion  of  a  ball  of  fire  observed  at  Utrecht  ou  the 
"ISd  of  August  of  the  same  year,  a  body  of  large  dimensions 
was  seen  to  accrue,  as  it  were,  from  a  luminous  point,  first 
shooting  upwards  with  the  appearance  of  a  star,  and  then 
expanding  into  a  globe  equal  to  the  apparent  magnitude  of 
the  Moon.  In  very  abundant  falls  of  meteors,  as  in  those 
(rf  1799  and  1833,  many  fire-balls  were  undoubtedly  inter- 


488  8PECIAX.  RESULTS  IN  THE  UKAl^OLOGICAL 

spersed  among  thousands  of  shooting  stars;  bnt the  identity 
of  these  two  kinds  of  igneous  meteors  is  nevertheless^  as  yef^ 
by  no  means  proved.  Affinity  is  not  identity.  There  st3I 
remains  much  to  be  investigated  in  the  physical  relations  of 
both  these  classes ; — as  also  respecting  the  effect^  remarked 
by  Admiral  Wrangel  on  the  shores  of  the  Icy  Seap®*), 
produced  by  shooting  stars  on  the  development  of  ttud 
Aurora  Borealis ; — and  the  many  vaguely  described^  indeed, 
but  not  therefore  to  be  hastily  denied^  luminous  processes 
which  appear  to  have  preceded  the  formation  of  some  fire^ 
balls.  In  the  greater  number  of  cases^  balls  of  fire  have 
appeared  unaccompanied  by  falling  stars ;  and  there  has  been 
nothing  periodical  in  the  phenomenon.  What  we  know  of 
shooting  stars^  in  respect  to  their  radiation  from  particulir 
points^  can  for  the  present  only  be  applied  with  great  caation 
to  fire-balls. 

Meteoric  stones  fall,  in  very  rare  cases,  with  a  perfectly 
clear  sky  without  the  previous  formation  of  a  black  meteor- 
cloud,  and  without  any  luminous  phenomena  being  seen, 
but  with  a  loud  and  terrible  crashing  sound,  as  at 
Klein  Wenden,  not  far  from  Miihlhausen,  on  the  16th 
of  September,  1843; — or,  which  is  a  less  rare  case, 
they  are  hurled  from  a  suddenly  formed  dark  cloud,  accom- 
panied with  phsenomena  of  sound,  but  without  light ; — and 
lastly,  and  this  is  the  most  frequent  case,  the  fall  of  meteoric 
stones  takes  place  in  close  connection  with  bright  fire-balls. 
Well-described  and  indubitable  examples  of  this  connection 
are  afforded  by  the  falls  of  stones  at  Barbotan  (Dep.  des 
Landes),  on  the  24th  of  July,  1790,  accompanied  by  the 
appearance,  at  the  same  time,  of  a  red  ball  of  fire  and  a  small 
white  meteoric  cloud  (7^2)^  from  which  the  aerolites  fell;  the 
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fall  of  a  stone  at  Benares,  in  Hiadostan,  on  the  13tb 
of  December,  1798;  and  that  wliicli  took  place  at  Aigle, 
in  the  Departemeiit  de  I'Orne,  on  April  26f.h,  1803. 
This  last-named  pbajnomenon  —  wbicli,  of  all  those  that 
have  been  enumerated,  is  the  one  which  has  been  most 
earefully  examined  and  cleseribed  {by  Blot),  and  which 
occurred  twenty -three  centuriea  after  the  fall  of  the 
great  stone  in  Tlirace,  and  three  centuries  after  a  friar 
had  been  killed  by  an  aerolite  at  Crema  {'"^j^ — finally  pre- 
vailed over  the  scepticism  which  appears  to  be  indigenous  iii 
acadenaical  bodies.  The  following  is  the  description  of  tho 
phtenomenoii  of  1803 : — At  Alen^on,  FalaisCj-  and  Caen,  at 
1  P.M.,  a  large  ball  of  fire  was  seen  moving  from  S.E.  to 
N.W.,  with  an  everywhere  perfectly  clear  sky.  A  few  mo- 
ments later,  at  Aigle,  an  cxplosiou  lasting  five  or  six  minutes 
was  heard,  taking  place  in  a  dark,  almost  motionless,  very 
small  cloud ;  it  was  followed  by  three  or  four  detonations 
like  cannon-shots,  and  by  a  noise  resembling  the  fire  of 
small  arms  and  the  roll  of  many  drums.  At  each  explosion 
some  of  the  vapours  forming  the  small  dark  cloud  were  seen 
to  detach  themselves  and  float  away.  At  this  place  no  lumi- 
nous phjenomena  were  perceived.  At  the  same  time  there 
fell,  oo  an  elliptically  shaped  piece  of  ground,  of  which  the 
major  axis,  running  from  S.E.  to  N.W.,  was  nearly  five 
English  miles  in  length  (I'ii  German  geographical  mile), 
many  meteoric  stones,  of  which  the  largest  weighed 
17-i  pounds.  The  stones  were  hot,  but  not  red  hot  ('"*), 
smoked  sensibly,  and,  which  is  a  very  striking  circumstance, 
were  more  easily  broken  in  the  few  first  days  after  their  fait 
than  subsequently.  I  have  purposely  dwelt  the  longer  on 
^to  phffinomenon,  because  I  wish  to  compare  it  with  one 
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which  took  place  on  the  13th  of  September,  17C8.  On 
that  day,  at  half-past  four  in  the  afternoon,  near  the  village 
of  Luce  (Departement  de  TEure  et  Loire),  fonr  miles  west 
of  Chartres,  a  dark  doud  was  seen,  and  there  was  heard  to 
come  from  it  a  noise  like  a  cannon-shot,  followed  imme- 
diately afterwards  by  a  hissing  in  the  air,  occasioned  by  the 
fall  of  a  black  stone  moving  in  a  curve.  The  Mien  ston^ 
which  was  half  sunk  in  the  earth,  weighed  T-f  pounds,  and 
was  so  hot  that  it  could  not  be  touched.  It  was  analysedi 
but  only  in  a  very  imperfect  manner,  by  Lavoisier,  Foage> 
roux,  and  Cadet.  So  far  as  was  perceived  the  whole  oocor- 
rence  was  unaccompanied  by  any  luminous  phsenomeua. 

As  soon  as  periodical  falls  of  shootiag  stars  became  an 
object  of  observation,  so  that  on  particular  nights  their  ap- 
pearance was  watched  and  waited  for,  it  was  remarked  that 
the  frequency  of  meteors  increased  with  increasing  timefeffli 
midnight,  and  that  the  greatest  number  fell  between  2  and 
5,  A.if .  Even  in  the  great  fall  of  meteors  at  Cumana  in 
the  night  of  the  11th  to  12th  of  November,  1799,  my  tra- 
velling companion  had  seen  the  greatest  abundance  of  shoot- 
ing stars  between  the  hours  of  Z-J-  and  4  a.m.  A  very  meri- 
torious observer  of  these  phsenomena,  Coulvier-Gravier,  pre- 
sented an  important  memoir  ''  Sur  la  variation  horaire  des 
^toiles  filantes,"  to  the  Institut  of  Paris,  in  May  1845.  B 
is  very  difficult  to  divine  the  reason  of  such  an  ''  horary 
variation/'  or  why  the  distance  from  midnight  should  influence 
these  phsenomena.  If  it  should  be  established  that,  under 
different  meridians,  shooting  stars  are  not  seen  in  tkir 
greatest  abundance  until  a  certain  determinate  period  be- 
tween midnight  and  day-break,  we  should  have  to  assume 
together  with  a  cosmical   origin,   the   not   very  probable 


fobhons  of  thx  cosuos. — assolteisb. 


Ul 


Pijrpotjieais  that  these  hours  of  the  night,  or  rather  of  the 
btIj  morning)  are  peculiarly  favourable  to  the  "  ignition," 
or  lunaiuousnesa,  of  falling  stars ;  those  which  shoot  in  the 
hours  before  midnight  remaining  more  often  invisible.  "We 
must  long  continue  to  persevere  in  collecting  observations. 
The  principal  characteristics  of  the  solid  masses  which  fall 
from  the  atmosphere,  both  as  respects  their  chemical  rela- 
tions, and  their  granular  texture  wliich  has  been  examined 
more  particularly  by  Gu^tav  Ease,  have  been  treated  by  me 
■ria  my  first  volume  (Kosmos,  Bd.  i.  S.  133—137  ;  English 
H#dit.  p.  119 — 122)  with  I  believe  tolerable  completeness, 
^^Sccording  to  the  state  of  our  knowledge  at  that  time  {1845). 
The  successive  labours  of  Howard,  Klaproth,  Th^nard, 
Vauqueiin,  Proust,  Berzelius,  Stromeyer,  Lnugier,  Dufres- 
noy,  Gustav  aad  lleinrich  Ease,  Bousaingault,  Eammels- 
berg,  and  Shepard,  have  supplied  a  rich  harvest  ('<>*) ;  but 
it  may  not  be  inappropriate  to  remember,  that  probably  two- 
birds  of  the  meteoric  atones  which  have  fallen  are  hidden 
s  in  the  depths  of  the  sea.  Althongh  aerolites  from 
I  zones,  and  from  the  most  widely  dispersed  places, — in 
inland,  Mexico,  aiid  South  America,  Europe,  Siberia, 
Hiiidostan, — exhibit  an  obvious  physiognomic  simi- 
ty,  when  examined  more  closely  they  are  also  found 
B  present  great  diversities.  Some  contain  96  per  cent,  of 
I,  others  (Siena)  scarcely  2  per  cent.  Almost  all  have  a 
in,  hlack,  sliining,  and  at  the  sunc  time  somewhat  veined, 
list  or  coaling ;  but  in  one  (that  of  Cliautoimay),  this  crust 
A  entirely  wantmg.  The  specific  weight  of  some  meteoric 
tones  is  as  great  as  4"28,  while'  in  the  carbonaceous  stone 
I  Alais,  consisting  of  friable  lamella;,  it  was  found  to  he 
nly  1'94.     Some  (Juvenas)  have  a  texture  resembling  that 
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of  dolerite,  in  which  crystallised  olivine^  angite,  and  anoz- 
thite^  can  be  severally  recognised;  others  (as  the  mass  of 
Pallas)  shew  merely  iron^  containing  nickel  and  olivine; 
while  others  again  (jadging  by  the-  relative  proportions  of 
the  ingredients)  are  ag^^regates  of  hornblende  and  albite 
(Chateau-Benard)^  or  of  hornblende  and  labradorite  (Bknsko 
and  Chantonnay). 

According  to  a  general  review  of  the  results  which  have 
been  derived  by  Professor  Bammelsberg, — an  acute  chemist^ 
who  has  recently  occupied  himself  uninterruptedly^  witii 
equal  activity  and  success^  with  the  analysis  of  aerolites^  and 
with  their  composition  from  simple  minerals^ — ^''the  dis- 
tinction of  masses  which  have  fallen  from  the  atmospheie 
into  two  classes — viz.  meteoric  iron  and  meteoric  stones— Is 
not  to  be  taken  rigidly  and  absolutely.  We  find,  although 
rarely^  meteoric  iron  with  intermingled  silicates,  (in  the 
Siberian  mass  of  1270  Bussian  pounds,  which  has  been  re- 
weighed  by  Hess,  there  are  interspersed  grains  of  olivine) ; — 
and,  on  the  other  hand,  many  meteoric  stones  contain  me- 
tallic iron. 

^^  A.  Meteoric  iron, — the  fall  of  which  has  only  in  a  few 
cases  been  actually  observed  by  eye-witnesses  (Hradschina, 
Agram,  26th  of  May,  1751;  and  Braunau,  14th  of  July, 
1847),  wliile  the  greater  number  of  analogous  masses  have 
remained  long  on  the  surface  of  the  ground, — ^has  in  general 
very  similar  physical  and  chemical  qualities.  It  almost 
always  contains,  in  finer  or  coarser  particles,  a  sulphuret 
of  iron,  which  does  not,  however,  appear  to  be  either 
iron  pyrites  or  magnetic  pyrites,  but  proto-sulphuret  of 
iron  (706).  The  principal  mass  in  such  cases  does  not  con* 
sist  of  a  pure  metallic  iron ;  it  is  formed  rather  of  an  alloy 
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of  iron  and  nickel :  ao  that  the  preBence  of  the  nickel,  which 
is  a  constant  ingredient  (on  an  average  10  per  cent.,  some- 
times rather  more,  and  sometimes  rather  less),  is  justly  re- 
garded as  an  escellent  criterion  of  the  meteoric  charncter  of 
the  entire  mass.  It  is  simply  an  slloy  of  two  isomorphous 
metals,  not  a  combination  in  definite  proportions.  We  also 
find  intermixed  in  smaller  quantities  cobalt,  manganese, 
magnesium,  tin,  copper,  and  carbon.  The  last-named  sub- 
stance is  jMirtly  mechauically  interspersed  in  tiie  form  of 
graphite  difficult  of  combustion,  and  partly  chemically  com- 
bined or  united  with  iron ;  analogous,  therefore,  to  much 
bar-iron.  A  mass  of  meteoric  iron  also  always  contains  a 
peculiar  combination  of  phosphorus  with  iron  and  nickel, 
which  substances,  on  dissolvijig  the  iron  in  hydrochloric 
acid,  remain  behind  in  tbe  form  of  microscopic  crystalline 
needles  and  lamellte  of  a  silvery  whiteness." 

"  B.  Meteoric  stones,  more  strictly  so  called, — are  usually 
divided,  according  to  their  external  appearance,  into  two 
classes.  In  one  of  these,  the  apparently  homogeneous  and 
principal  portion  of  the  mass  shews  interspersed  grains  and 
spangles  of  meteoric  iron,  which  are  attracted  by  a  magnet, 
and  are  quite  similar  in  their  nature  to  meteoric  iron,  found 
by  itself  in  larger  masses.  To  this  class  belong,  for  example, 
the  stones  of  Blansko,  Lissa,  Aigle,  Ensisheim,  Chantonnay, 
Klein  Wenden  near  Nordhausen,  Erxleben,  Chateau-Eeaard, 
and  Utrecht.  The  other  class  is  free  from  metaUic  inter- 
mixtures, and  presents  rat!ier  a  crystalline  assemblage  or 
mixture  of'difl'erent  mineral  substances;  as,  for  example,  in 
the  stones  of  Juvenas,  Lontalax,  and  Stanaern." 

After  the  first  chemical  examinations  of  meteoric  stones 
made  by  Howard,  Klaproth,  and  Tauquelin,  the  possibility 
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of  their  consisting  of  an  assemblage  of  distinct  combinations 
was  for  a  long  time  not  adverted  to ;  their  component  paits 
were  examined  only  generally^  and  it  was  thought  sufficient  to 
remove  by  means  of  a  magnet  any  metallic  iron  which  might 
be  contained  in  them.  After  Mohs  had  drawn  attention  to 
the  analogy  of  some  aerolites  with  certain  tellaric  kinds  of 
rock^  Nordenskjold  attempted  to  shew  that  olivine,  leudte; 
and  magnetic  iron,  were  the  constituent  parts  of  the  aerolite 
of  Lontalax,  in  Finland ;  but  the  fine  observations  of  Gusta? 
Bose  have  shewn  beyond  a  doubt  that  the  meteoric  stone  of 
Juvenas  consists  of  magnetic  pyrites,  augite,  and  a  feldspar 
which  has  much  resemblance  to  labradorite.  Berzehus  was 
thus  led  to  examine  by  chemical  methods  the  mineral  natnte 
of  the  several  combinations  in  the  aerolites  of  Blansko,  Chan- 
tonnay,  and  Alais  (Kongl.  Yetenskaps  Academiens  Handlin- 
gar  for  1834).  The  path  thus  happily  indicated  byBer- 
zelius  has  been  since  extensively  pursued. 

^^  a.  The  first  and  more  numerous  class  of  meteoric  stones, 
viz.  those  with  metallic  iron,  contain  this  substance,  some- 
times in  minute  interspersed  particles,  and  sometimes  in 
larger  masses,  which  occasionally  even  form,  as  it  were,  a 
connected  iron  skeleton,  thus  constituting  a  transitional 
link  with  those  masses  of  meteoric  iron  in  which,  as  in  the 
Siberian  mass  of  Pallas,  other  substances  are  not  foundt 
The  olivine  which  they  always  contain  causes  them  to  be  rich 
in  magnesia,  and  is  itself  the  ingredient  which  is  decomposed 
when  these  meteoric  stones  are  treated  with  acids.  Like  the 
telluric  olivine  it  is  a  silicate  of  magnesia  and  protoxide 
of  iron.  The  part  of  the  stones  which  is  not  attacked  by 
acids  is  a  mixture  of  feldspatic  and  augitic  substances,  the 
nature  of  which  can  only  be  determined  by  calculation  bom 
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whole  of  the  mixture  (as  kbradorite,  hornblende,  augite, 
or  ohgoklas). 

"ji.  The  second)  much  rarer,  class  of  meteoric  stones  has 
been  less  examined.     These  stones  sometimes  contain  mag- 
netic iron,  olivine,  and  some   feldspatic  aud  augitic  sub- 
stances ;  and  sometimes  tliej  consist  merely  of  the  two  last 
vBientioned  simple  minerals,  and  the  feldspar  is  then  repre- 
,ted  by  anorthite  ("").      Cbtomate  of  iron  (protoxide  of 
oxide  of  chromium)  is  found  in  small  quantities  in 
Imost  all  meteoric  stones  :    phosphoric  acid    and   titanic 
wd,  discovered  by  Eammcbberg  in  the  remarkable  stone  of 
fnvenasj  may  perhaps  indicate  the  presence  of  apatite  and 
ite.  ' 

"  The  simple  substances  which  have  as  yet  been  shewn  to 
in  meteoric  stones  are  the  following : — Oxygen,  sul- 
»hur,  phosphorus,  carbon,  silicon,  aluminum,  magnesium, 
slcium,  potassium,  sodium,  iron,  nickel,  cobalt,  chrome, 
langanese,  copper,  tin,  and  titanium  ;  being  in  all  18  sub- 
ances  ('"8).  Tlie  more  immediate  components  are — 
,  metaUic ;  an  alloy  of  nickel  aud  iron,  a  compound  of 
tiosphorus  with  iron  and  nickel,  sulphide  of  iron,  and 
mgnetic  pyrites ; — b,  oxydised  :  magnetic  iron  and  chro- 
iate  of  iron ; — c,  silicates :  oliwiue,  anorthite,  labradorite, 
id  Rugite." 

It  would  still  remain  for  me,  with  the  view  of  eoncentrat- 

in  this  place  the  greatest  possible  number  of  important 

3ts,  taken  apart  from  hypothetical  anticipations,  to  point 

it  the  many  analogies  which  some  meteoric  stones  present, 

if  regarded  as  rocks,  witli  tlie  older  trap  rocks  (dolerites, 

dioritps,  and  melaphyres),  and  to  basalts  and  more  recent 
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lavas.    These  analogies  are  the  more  striking,  because  the 
*^  metallic  alloy  of  nickel  and  iron,  which  is  constantly  con- 
tained in  certain  meteoric  masses/'  has  not  hitherto  been 
discovered  in  tellaric  minerals.     The  same  distinguished 
chemist  of  whose  friendly  commonications  I  have  availed 
myself  in  the  last  few  pages,  has  enlarged  upon  this  subject 
in  a  separate  treatise  (^^),  the  results  of  which  will  be  moie 
appropriately  noticed  in  the    geological  portion   of  the 
Cosmos. 
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»  coududing  the  Uranological  portion  of  the  physical 
^fiKription  of  the  Universe,  and  casting  a  retrospective 
glance  on  what  has  been  attempted^ — I  will  not  say  accom- 
phshed, — I  feel  it  necessary,  after  the  execution  of  so  difB- 
CQlt  an  undertaking,  to  remind  my  readers  afresh,  that  its 
"Ccomplishment  was  only  possible  imder  the  conditions 
*hich  were  indicated  in  the  introduction  to  the  third 
Volume.  Tte  attempted  cosmical  treatment  of  Uranology  iS 
limited  in  its  design  to  the  presentation  or  description  of 
fhat  we  know  of  the  celestial  spaces  and  the  matter  by 
*hich  they  are  occupied,  whether  aggloineratfd  into  spheres, 
Or  existing  in  an  uncondensed  or  unagglomerated  form. 
The  work  undertaken  is,  therefore,  in  its  nature  essentially 
distinct  from  the  more  comprehens-ive  meritorious  works  on 
Astronomy  in  the  different  literatures  of  the  present  time. 
Astronomy  itselt^  regarded  as  a  science,  and  as  the  triumph 
of  mathanatical  combination,  based  on  the  secure  founda- 
*ion  of  the  doctrine  of  gravitation,  and  on  the  degree  of  per- 
fection attained  by  the  higher  analysis  as  the  intellectual 
"istrament  of  investigation,  treats  of  the  phienomena  of 
"Qotion,  as  measured  by  time  and  space ;  of  the  locahty  or 
position  of  the  celestial  bodies  in  Ihfiir  continually  varjdng 
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relations  to  each  other ;  of  changes  of  form^  as  in  tailed 
comets ;  and  changes  of  lights  amounting  even  to  new  appa- 
rition and  entire  extinction  of  light  in  distant  suns.  The 
quantity  of  existing  matter  in  the  Universe  remains^  it  is 
believed^  always  the  same ;  but^  according  to  what  has  been 
already  investigated  of  the  physical  laws  of  nature  in  the  tel^ 
luric  sphere,  we  there  see  ever  recurring,  as  if  ever  unsatiafiedi 
change  ceaselessly  prevailing  in  countless  and  indesciibaUe 
combinations,  in  the  perpetual  circle  of  the  permutation  of 
substances.  This  manifestation  of  force  or  power  in  matter 
is  called  forth  by  its,  at  least  apparent,  dementary  hetoo- 
geneity.  Exciting  motion  in  portions  of  space  immeasonk 
bly  small,  the  heterogeneity  of  substances  complicates  aB 
problems  rating  to  terrestrial  processes  of  nature. 

Astronomical  problems  are  more  simple  in  their  charaotOBi 
Celestial  mechanics,  as  yet  free  from  the  compliditaoM 
alluded  to,  and  directed  to  considerations  relative  to  tbe 
quantity  of  ponderable  matter,  i .  e.  to  mass,  and  to  light-  and 
heat-exciting  undulations,  have,  by  reason  of  this  simpUcifyi 
in  which  everything  can  be  reduced  to  motion,  remained 
amenable  throughout  to  mathematical  treatment.  It  is  tUi 
advantage  which  gives  to  treatises  on  theoretical  astrononqf 
a  great  and  peculiar  charm.  There  is  reflected  in  then 
what  the  mental  labour  of  the  last  few  centuries  has  achieved 
by  analytical  methods :  we  see  in  them  how  forms  and 
orbits  have  been  determined ;  how,  in  the  phsenomoia  d 
the  motions  of  the  planets,  small  fluctuations  take  plaeo 
round  a  mean  state  of  equilibrium ;  and  how  the  presernh 
tion  and  permanence  of  the  planetary  system  are  provided 
for  by  its  internal  structure,  and  by  the  equilibrium  of  nn* 
tually  compensating  perturbations. 
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The  examination  of  tlie  mean.",  or  methods,  by  which  we 
have  thas  arrived  at  the  comprehension  of  the  Universe, 
Bud  the  explanation  of  the  intricate  phicnomena  of  the 
beavens,  do  not  belong  to  the  plan  of  the  present  work. 
Ihe  "  Physical  Description  of  the  Universe"  tells  of  the  con- 
tents of  space,  and  of  the  organic  life  which  animates  it,  in 
the  two  spheres  of  uranologic  and  telluric  relations.  It 
dwells  on  the  discovered  laws  of  nature,  and  treats  them  aa 
fects  achieved  and  ascertained, — as  tlie  direct  results  of  empi- 
rical induction.  In  order  that  a  work  on  the  Cosmos  migbr 
be  executed  within  its  appropriate  limits,  and  without  ac- 
quiring an  immoderate  extension,  it  was  necessary  that  it 
should  not  attempt  to  propouud  theoretically  the  bases  of 
the  connection  of  phtenomena.  In  the  view  of  this  limila- 
tion  of  the  proposed  plan,  I  have  devoted  the  more  dili- 
gent care,  in  this  astronomical  volume  of  the  Cosmos,  to 
the  several  facts  and  to  the  ordei  of  their  arrangement. 
From  the  consideration  of  cosmical  space,  i.  e.  its  fempera- 
tote,  its  degree  of  transparency,  aiid  the  resisfitig  medium 
which  fills  it,  I  have  proceeded  to  the  subjects  of  natural  and 
telescopic  vision ;  the  limits  of  visibihty  j  the  velocity  of 
light  according  to  its  dilTetent  sources ;  our  imperfect  mea- 
Buements  of  the  intensity  of  light ;  and  the  new  optical 
means  of  discriminating  between  direct  and  reflected  light. 
Then  follow, — the  heaven  of  the  fixed  stars ;  the  numbers  of 
its  self-luminous  suns,  so  far  as  their  positions  are  known  to 
OS,  and  their  probable  distribution;  the  variable  stars  which 
have  well-measured  periods;  the  projier  motions  of  the 
fixed  stars ;  the  hypothesis  of  the  existence  of  dark  bodies, 
and  their  influence  on  the  motions  of  double  stars ;   and 


450  SPECIAL  KBSULTS  IN  THE  UEANOLOOIOAL 

lastly  nebalffi^  so  far  as  these  are  not  remote  and  very  dense 
clusters  of  stars. 

The  transition  from  the  sidereal  portion  of  XJranology;* 
from  the  heaven  of  the  fixed  stars, — ^to  our  solar  system,  is 
only  the  transition  from  the  nniversal  to  the  particnlar.  In 
the  class  of  double  stars,  self-lnminons  cosmical  bodies  mofe 
round  a  common  centre  of  gravity :  in  our  solar  system, 
which  is  composed  of  very  heterogeneous  elements,  dul 
cosmical  bodies  revolve  around  a  self-luminous  one,  or  ratkr 
round  a  common  centre  of  gravity  which  is  sometimes 
witliin  and  sometimes  without  the  circumference  of  the 
central  body.  The  several  members  of  the  solar  domain  aie 
more  dissimilar  in  their  nature  than  for  many  centuries  there 
had  been  reason  to  suppose.  They  divide  themselves  into 
primary  planets,  and  secondary  ones  or  satellites,  the  pri- 
mary planets  having  among  them  a  group  in  which  theorUts 
intersect  each  other ; — an  unascertained  number  of  comets; 
— ^the  ring  of  the  zodiacal  light ; — and,  with  great  probabi- 
lity, the  periodic  meteor-asteroids. 

It  still  remains  to  state  expressly  the  three  great  lavs 
discovered  by  Kepler,  in  their  actual  application  to  the  mo- 
tions of  the  planets.  First  law :  Every  path  of  a  planetaij 
body  is  an  ellipse,  having  the  Sun  in  one  of  its  foci.  Seomd 
Jaw :  Every  planetary  body  describes  round  the  Sun  equal 
areas  in  equal  times.  Third  law  :  the  squares  of  the  penocBe 
times  of  revolution  of  two  planets  are  to  each  other  as  Ac 
cubes  of  their  mean  distances.  The  second  of  these  laws  is 
sometimes  called  the  first,  because  it  was  discovered  earlier 
than  the  others.  (Kepler,  Astronomia  nova,  sen  Physica 
coelestis,  tradita  commentariis  de  motibus  stellse  Martis,  ex 
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■Kwerv. Tvchonis  Bralii  elaborat a.  1  COS :  compare cap.xl. with 
cap,  lix.)  The  two  first  laws  wouli  be  applicable  if  there  were 
only  one  single  planetary  body  in  existence;  the  third  and 
most  important  of  the  three,  which  was  discovered  nineteen 
yeara  later  than  the  other  two,  detenniues  the  law  of  the 
motjona  of  two  planets.  {The  manuscript  of  the  Harmonice 
Mundj,  which  was  published  in  1619,  was  completed  on  the 
27th  of  May,  1618.) 

If  the  laws  of  the  planetary  motions  were  empirically  dis- 
covered in  the  beginning  of  the  1 7th  century,  and  if  Newton 
first  unveiled  the  force  from  whose  action  Kepler's  laws 
mnst  be  regarded  as  necessary  consequences,  the  end  of 
the  18tli  century,  through  the  new  patlis  opened  to  the 
investigation  of  astronomical  tmths  by  the  improvement  of 
Ibe  infinitesimal  calculus,  has  the  merit  of  having  demon- 
strated the  "  stabihty  of  the  planetaiy  system."  The  prin- 
cipal elements  of  this  stability  are,  the  invariability  of  the 
m&jor  axes  of  the  planetary  orbits  demonstraled  by  Laplace 
(1773  and  17S4),  Lagrange,  and  Poisson;  the  long  perio- 
dical variation,  restricted  within  narrow  limits,  of  the  eicen- 
tricities  of  two  large  and  remote  planets,  Jupiter  and  Saturn; 
the  distribution  of  the  masses,  since  the  mass  of  Jupiter 
itfielf,  the  greatest  of  all  the  planetary  bodies,  is  only  Tirrr 
of  that  of  the  all-controlling  central  body;  and  lastly, 
the  arrangement,  that  by  the  primordial  plan  of  crearioD, 
and  by  the  mode  of  their  origination,  all  the  planets  of 
the  solar  ^tem  move  in  one  direction  both  in  r^ard 
to  translation  and  to  rotation,  in  orbits  of  sm^ill  and  little- 
vaiying  elliptiuity,  and  in  planes  having  only  moderate 
differences  of  inclination ;  and  that  ihe  periods  of  revolution 
I' of  tbe  diiferent  planets  have  no  common  measure. 
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These  elements  of  stability,  elements  as  it  were  <rf  tiie. 
preservation  and  continaance  of  the  **  lifd^'  of  the  plan^ 
are  attached  to  the  condition  of  mutual  action  within  the 
interior  of  a  circumscribed  circle.  If  by  the  arrival  fiom 
the  regions  of  exterior  space  of  a  cosmical  body  not  pre- 
viously belonging  to  the  system,  this  condition  cease  (Laplao^ 
Expos,  du  Syst.  dn  Monde,  p.  309  and  891),  then,  indeed, 
there  might  ensue,  as  the  result  either  of  new  forces  of  at- 
traction or  of  a  shock,  consequences  injurious  or  destniciiye 
to  that  which  now  exists,  until  at  last,  after  a  long  conflidji 
a  new  equilibrium  should  be  produced.  The  consideraticm 
of  the  possible  arrival  of  a  comet  in  a  hyperbolic  path  from 
remote  regions,  even  though  the  smallness  of  its  mass  should 
be  compensated  by  an  enormous  velocity,  could  only  occasion  , 
uneasiness  to  an  imagination  which  should  be  inaccessible  to 
the  reassuring  deductions  of  the  calculus  of  probabiUties. 
Those  travelling  clouds,  the  interior  comets  of  our  syston, 
are  as  far  from  being  dangerous  to  the  stability  of  the 
system,  as  are  he  great  inclinations  of  the  orbits  of  some  of 
the  small  planets  situated  between  Mars  and  Jupiter.  Tint 
which  must  be  designated  as  a  mere  possibility  lies  beyood 
the  domain  of  a  Physical  Description  of  the  Universe. 
Science  ought  not  to  pass  from  its  true  domain  into  the 
misty  land  of  cosmological  dreams. 
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Pages  36-86. 
e  Editor's  Note  at  the  foot  of  p.  36. 


Pages  55—56. 
igular  phtenomenon  of  the  apparently  fluctuating 
motion  of  a  atar  has  been  recently  observed  again.  It  was 
seen  by  very  trustworthy  witnesses  at  Tr£;ves,  on  the  20tb  of 
January,  1851,  between  7  and  8  in  the  evening.  The  star 
was  Siriufl,  and  was  near  the  horizon  at  the  time.  See  the 
letter  of  the  Head  Master  of  Mathematics,  Herr  Flesch,  in 
Jahn'a  Unterhaltungen  fiir  Freunde  der  Astronomie. 

Pages  112  and  lix.,  Note  (««). 
The  livdy  wish  which  I  had  expressed,  to  be  enabled  to 
trace  with  more  certainty  the  historical  epoch  within  which 
the  disappearance  of  the  red  colour  of  Siriua  falls,  has 
''een  in  part  fulfilled  by  the  honourable  dihgence  of  a  young 
■avant,  Dr.  Wopclte,  who  combines  great  acquaintance 
*ith  the  Oriental  langui^es  with  distinguislied  mathe- 
*Oatical  knowledge.  This  gentleman,  the  translator  of, 
**>d  commentator  on,  the  important  "AJgebra"  of  Omar 
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Alkhayyami,  writes  to  me  from  Paris,  in  1851,  u 
follows:  —  '^The  wish  expressed  by  you  in  the  astro- 
nomical volume  of  Kosmos,  has  led  me  to  examine  four 
manuscripts  of  the  Uranography  of  Abdurrahman  Al- 
Ssufi,  which  are  here;  and  I  have  found  that  a  Bootisy 
a  Tauri,  a  Scorpii,  and  a  Ononis,  are  aH  expressly  tamed 
'  red '/  Sinus,  on  the  contrary,  has  no  such  epithet  applied 
to  it.  The  passage  relating  to  Sirias  is  in  all  the  foor 
manuscripts  to  the  same  effect,  viz.  that  '  the  first  of  these 
stars'  (in  Canis  Major)  'is  the  large  bright  star  in  the 
mouth,  which  is  marked  on  the  Astrolabe,  and  is  called 
Al-je-maanijah/  ''  Does  it  not  appear  probable  from  this 
examination,  and  from  what  I  cited  from  Alfragani  (Note  '*•) 
that  the  change  of  colour  of  Sirius  took  place  intermediatdj 
between  the  epoch  of  Ptolemy  and  that  of  the  Arabiaii 
astronomers  P 

Pages  191—192. 

In  the  brief  exposition  of  the  method  of  finding  the 
parallax  of  double  stars  by  the  velocity  of  light,  it  should 
have  been  said,  that  the  interval  of  time  which  elapses  be- 
tween the  moments  when  the  planetary  or  secondary  star  is 
nearest  to,  and  farthest  from,  the  Earth,  is  always  loDger 
when  the  change  is  from  the  greatest  proxinuty  to  the 
greatest  distance,  than  in  the  inverse  case,  when  the  change 
is  from  the  greatest  distance  to  the  greatest  proximity. 

Page  214. 

In  the  French  translation  of  the  astronomical  volume  of 
Kosmos  (Part  I.),  which  I  have  rejoiced  to  see  undertaken  by 
Monsieur  Eaye,  that  highly-informed  astronomer  has  greatly 
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enriched  the  section  on  double  stars.  I  liad  unduly  omitted 
to  make  use  of  the  important  liiboui's  of  Monsieur  Yvou 
Villarceau,  wliich  had  been  read  to  the  I'rench  Institut  in 
1849  (Connaissaace  des  temps  pour  I'an  1853,  p.  3 — 128). 
I  borrow  here,  from  a  table  given  by  M.  Faje  of  the  elemente 
of  the  orbits  of  eight  double  stars,  the  four  first  stars,  which 
ue  believes  to  be  the  most  secuielj  calculated. 

^  Elements  of  the  Oebitm  op  Double  Staes. 


Nvnee  End  Mngni- 
tuilei  of  Ibe 
Double  StBTB, 

Semi- 

cily. 

sssz 

Nuaeaonim 

hridge.) 

8"857 
3'278 
B-29B 
2A39 

oiiai 

0-3777 
0-4037 
0-431 B 

cs-aea 

60-720 
61-300 
01-676 

Snvsry    1830 

J.  Hcrschel...  1849 

Ma.llCT    1847 

Y.  Viikrceau,  1848 

(/jtV) 

4'328 
4-986 
4-8... 

04300 
0-444fi 
0-4781 

73863 
92-338 

•'■■- 

T.  Villarceau.  1849 
.Madler    1S49 

f  Hermli* 
(8  ud  8-6,  Gr.) 

raoB 

1-2B4 

0-43S0 
0-4482 

30-22 
3S-3B7 

MSdler   1847 

Y.  Vniarceaa.  1847 

1  CortnuB 
(B-B  >nd  8,  Gr.) 

0-B02 
1-OlE 
1-111 

0-2891 
0-4744 
0-4695 

42-50 
42-iOI 
66-2B7 

Midler   1947 

Y.  VilUreean.  1347 
'riieBaide,adsolatiod 

B  problem  of  the  period  of  revolution  of  n  Coronas  has 

0  solutions:  one  being  42-5,  and  the  other  66'3  years; 

1  the  latest  observations  of  Otto  Struve  assign  the  pre- 
1  to  the  second  result.     Mous.  Ivon  Villarceau  finds 

ir  the  aemi-major  axis,  excentricity,  and  period  of  revolufion 
[pressed  in  years,  of  tlirce  other  double  stars,  as  follows :— 
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yVirginis  .  .  8'H46  0-8699  153-787 
fCancri.  •  .  0"-9S4  0-3662  58-590 
a  Centauri  .     .     W'US      0-7187         78-486 

I  have  termed  the  occultation  of  one  fixed  star  by  another^ 
(in  the  case  of  (  Herculis),  ^'  apparent'^  (p.  212).  Mons. 
Faye  shows  that  it  is  a  consequence  of  the  factitious  diameter 
of  stars  as  seen  in  our  telescopes  (Kosmos^  Bd.  iii.  S.  67 
uud  167 ;  Engl.  ed.  p.  50  and  110).— The  parallax  of  1830 
Groombridge,  which  I  have  given  in  S.  275  (EngL  ed. 
p.  190)  at  0"-226,  has  been  found  by  Schltiter  and  Wichmann 
at  0"-182,  and  by  Otto  Struve  at  0"-034. 


Page  371. 

It  was  not  until  the  section  upon  the  small  planets  had 
been  printed  off  that  we  received  in  the  North  of  Germany 
the  information  of  the  discovery  of  a  fifteenth  small  planet, 
Eunomia,  by  De  Gasparis,  on  the  19th  of  July,  1851,  The 
elements  of  Eunomia,  computed  by  G.  Rumker,  are : — 

Epoch  of  mean  longitude    .    {  i'^^^i'*^;. 

Mean  longitude 321°  25'  29" 

Longitude  of  perihelion      .     .       27    35    88 

Longitude  of  ascending  node  .  293    52    55 

Inclination 11    43    43 

Excentricity        0-188402 

Semi-major  axis .     .     •     .     ,  2*64758 

Mean  diurnal  motion    •     .     ,  823"-630 
Period  of  revolution     .     •     ,        1574  days. 
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Pages  388—390. 

By  a  kind  communication  from  Sir  John  Herschel,  dated 
8th  Nov.  1851,  1  learn  that  Mr.  Lassell  observed  dis- 
tinctly on  the  24th,  28th,  and  30th  of  October,  and  on 
the  2d  of  November,  1851,  two  satellites  of  Uranus, 
which  appear  to  be  still  nearer  to  the  planet  than  the  first 
satellite  of  Sir  William  Herschel,  to  which  that  astronomer 
ascribed  a  period  of  revolution  of  about  5  days  21  hours, 
but  which  has  not  been  subsequently  recognised.  The 
periods  of  revolution  of  the  two  satellites  now  seen  by 
Lassell  were  about  4  days  and  2^  days. 


NOTES. 


NOTES. 


(*)  p.  4. — Kosmos,  Bd.  i.  S.  56 — 59  and  141  (English  edition,  Vol.  i. 
p.  50—53  and  126). 

O  p.  6.— Kosmos,  Bd.  i.  S.  6—8 ;  Bd.  ii.  S.  10—12  and  92  (English 
edition,  Vol.  i.  p.  6—7 ;  Vol.  ii.  p.  9—11  and  89). 

(3)  p.  6.— Kosmos,  Bd.  ii.  S.  26—31  and  44—49  (English  editioji, 
Vol.  ii.  p.  24—30  and  43—48). 

0)  P-  7.— Kosmos,  Bd.  i.  S.  383—886 ;  Bd.  ii.  S.  141—144  (English 
edition.  Vol.  i.  p.  354—357;  Vol.  ii.  p.  107). 

0  p.  7. — M.  von  Olfers,  On  the  Remains  of  Animals  of  Gigantic  Size 
belonging  to  the  Ancient  World,  in  connection  with  Legends  of  Eastern  Asia, 
in  the  Abh.  der  Berl.  Akad.  1839,  S.  51.  On  the  opinion  of  Emi)edocled 
respecting  the  cause  of  the  destruction  of  the  more  ancient  forms  of  animal 
life,  vide  Hegers  Geschichte  der  Philosophic,  Bd.  ii.  S.  344. 

O  p.  7. — Respecting  the  world-tree,  Ygdrasil,  and  the  raging  fountain, 
Hvergelmir,  see  Jacob  Grimm's  Deutsche  Mythologie,  1844,  S.  530  and  756 ; 
and  Mallet's  Northern  Antiquities,  1847,  p.  410,  489,  and  492. 

(7)  p.  9.— Kosmos,  Bd.  i.  S.  80—33  and  62—70  (English  edition, 
p.  30—33  and  56—64), 

C^  p.  10. — Kosmos,  Bd.  ii.  S.  484  (English  edition,  p.  285  and  xdv.) 

C)  p.  10. — In  the  introductory  Contemplations  in  the  first  volume  ot 
Cosmos  (p.  33),  it  should  not  have  been  said  generally  and  without  exception 
that  "  the  discovery  of  laws,  and  their  progressive  generalisation,  are  the 
objects  of  the  experimental  sciences :"  a  more  limited  sense  should  have  been 
given  by  the  introduction  of  the  words  "  in  many  groups  of  pheenomena." 
The  manner  in  which  I  expressed  myself  in  the  second  volume  respecting  tne 
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rel'Uion  subsisting  between  the  achievements  of  Newton  and  Kepler,  must,  I 
tiiink,  show  without  doubt  that  I  do  not  confound  together  the  discoveiy 
of  natural  laws,  and  the  interpretation,  i.  e.  the  explanation,  of  phsnomena. 
I  say  of  Kepler  (p.  310) — "The  rich  supply  of  exact  observations  which  were 
furnished  by  Tycho  Brahe,  laivi  the  foundation  of  the  discovery  of  those  an- 
chan<j:ing  laws  of  the   planetary   movements   which  prepared  for  Kepler 
imperishable  fame,  and  which,  when  interpreted  by  Newton,  and  shown  by 
him  to  be  theoretical  y  necessary ^  were  transferred  to  the  bright  domain  of 
thought,  and  became  the  intelligent  recognition  of  Nature  ;*\ — of  Newton 
(p.  351) — "  We  terminate  with  the  figure  of  the  Earth  as  then  recognised 
from  theoretical  considerations.     Newton  attained  to  the  explanation  of  the 
system  of  the  Universe,  because  he  succeeded  in  discovering  the  Force  of  whose 
operation  the  Keplerian  laws  are  the  necessary  consequences."      Sec  on  this 
subject  the  excellent  remarks  "  On  Laws  and  Canse«,"  contained  in  Sir  John 
Herschers  Address  at  the  Fifteenth  Meeting  of  the  British  Association,  held 
at  Cambridge,  1845,  p.  xlii. ;  and  the  Edinburgh  Review,  Vol.  Ixxxvii.  1848, 
p.  180—183. 

(^)  p.  11. — In  the  remarkable  passage  in  which  Aristotle  (Metaph.  xii.  8, 
p.  1074,  Bckker)  speaks  of  the  '*  fragments  of  an  early  knowledge  once 
discovered  and  subsequently  lost,"  there  occurs  a  passage  of  much  ini' 
port,  indicating  freedom  from  the  Deification  of  natural  forces  or  powen, 
personified  under  the  forms  of  various  divinities  resembling  human  beings: 
he  says — "Much  has  been  added  mythically  for  the  sake  of  persuading  the 
multitude,  as  well  as  for  the  support  of  the  laws  and  other  useful  objects." 

(*')  p.  11. — The  important  difference  between  these  directions,  rQ6voiy  in 
Natural  Philosophy,  is  clearly  indicated  in  Aristot.  Phys.  Auscult.  i.  4,  p.  187i 
Bekker.  Comp.  Brandis,  in  the*  Rhein.  Museum  fiir  Philologie,  Jahr.  iii« 
S.  105. 

(12)  p.  12.—Kosmos,  Bd.  i.  S.  139  and  405,  Note  59;  Bd.  ii.  S.  348  and 
501,  Note  27  (English  edition.  Vol.  i.  p.  124,  and  Note  89;  Vol.  ii.  p.  308, 
and  Note  467).  A  remarkable  passage  of  Simplicius  (p.  491)  opposes  in 
the  clearest  manner  the  ceutripetal  force  to  the  centrifugal  force  :  it  speaks  of 
"the  heavenly  bodies  not  falling  where  the  centrifugal  force  preponderates 
over  the  proper  falling  force — that  which  draws  them  downwards."  On  the 
same  account,  in  Plutarch  de  Facie  in  Orbe  Lunee,  p.  923,  the  moon  is  com- 
pared, in  respect  to  its  not  falling  towards  the  Earth,  to  "the  stone  io  the 
sling."  Respecting  the  proper  signification  of  the  ir€pix<lopri(rts  of  Anaxagoras, 
vide  Schaubach,  in  Auaxag.  Clazom.  Fragm.  1827,  p.  107—109. 


NOTES.  Ill 

P*)  p.  12. — Schaabach,  in  Anaxag.  Clazom.  Fragm.  p.  161—166  and 
186  — 189.  Plants  were  also  supposed  to  be  animated  by  the  rods,  or  mind 
(Aristot.  de  Plant,  i.  1,  p.  1815,  Bekk.) 

{^*)  p.  13. — On  this  part  of  the  mathematical  physics  of  Plato,  compare 
Bockh  de  Platonico  Syst.  ccelestium  globorom,  1810  etlSll ;  Martin,  Etudes 
sor  le  Tim^  T.  ii.  p.  234 — 242;  and  Brandis,  in  the  Geschichte  der 
Griechisch-Romischen  Philosophic,  Th.  ii.  Abth.  i.  1844,  S.  875. 

(»»)  p.  18.— Kosmos,  Bd.  ii.  S.  520,  Note  4  (English  edition.  Vol.  ii. 
Note  544).    Compare  Ghmppe  uber  die  Fragmente  des  Archytas,  1840,  S.  38. 

(")  p.  18.— Aristot.  PoUt.  vii.  4,  p.  1326 ;  and  Metaph.  xii.  7,  p.  1072, 
10,  Bekk.,  and  xii.  10,  p.  1074,  5.  The  pseudo-Aristotelian  book,De 
Hondo,  which  Osann  ascribes  to  Chrysippus  (Kosmos,  Bd.  ii.  S.  14  and  106), 
contains  also  (cap.  6,  p.  807)  a  very  eloquent  passage  on  the  "  Orderer  and 
Upholder  of  the  Universe." 

(*7)  p.  18. — The  passages  which  prove  this  are  coDected  in  Ritter's  Gesch. 
der  Philosophic,  Th.  iii.  S.  185—191. 

(")  p.  14. — Compare  Aristot.  de  Anima,  ii.  p.  419.  The  analogy  with 
sound  is  most  clearly  expressed  in  this  passage ;  but  in  other  parts  of  his 
writings  Aristotle  modified  his  theory  of  vision  in  various  ways.  Thus  he 
•ays,  in  De  Insomniis,  cap.  ii.  p.  459,  Bekker — *'  It  is  evideut  that  vision  is 
active  as  well  as  passive, — that  the  sight  not  only  suffers,  or  receives  as  a 
passive  recipient,  something  from  the  air  (the  medium  of  vision),  but  that  it 
also  acts  upon  the  medium."  He  alleges  as  proof  that,  "  under  particular 
circumstances,  a  new  and  very  pure  metallic  mirror,  being  looked  upon  by  a 
woman,  has  its  surface  dinmied  by  clouded  spots  difficult  to  efface."  (Compare 
therewith  Martin,  Etudes  sur  le  Tim^  de  Platon,  T.  ii.  p.  159—163.) 

(*•)  p.  14. — Aristot.  de  Partibus  Anim.,  lib.  iv.  cap.  5,  p.  681,  lin.  12, 
Bekker. 

(•)  p.  14. — Aristot.  Hist.  Anim.,  Lib.  ix.  cap.  1,  p.  588,  lin.  10—24, 
Bekker.  "  If  in  the  animal  kingdom  some  of  the  representatives  of  the  four 
dements, — those,  for  instance,  corresponding  to  the  element  of  the  purest 
fire, — are  wanting  upon  our  Earth,  these  intermediate  steps  may  perhaps  be 
present  in  the  moon."  (Biese,  Die  Phil,  des  Aristotelcs,  Bd.  ii.  S.  186). 
The  Stagirite  sought  in  another  celestial  body  absent  links  in  the  chain  :  we 
find  such  missing  intermediate  gradations  among  ancient  terrestrial  forms 
of  plants  and  animals  which  have  perished. 

(«)  p.  14.— Aristot.  Metaph.  Ub.  xiii.  cap.  3,  p.  1090,  lin.  20,  Bekker. 

C)  p.  16. — The  irrvw€piara/rit  of  Aristotle  especially  plays  a  great  part 
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iB  all  explanations  of  meteorological  processes,  as  in  the  works— De  genentioBe 
et  int^ritn,  Lib.  :i.  cap.  8,  p.  330 ;  Meteorologicis,  lib.  i.  cap.  12,  and 
Lib.  iii.  cap.  3,  p.  8*^2  ;  and  in  the  Problems  (Lib.  xiy.  cap.  8,  Lib.  ▼iii.No.9, 
p.  888,  and  Lib.  xiv.  !No.  8,  p.  909),  which  are  at  least  drawn  op 
according  to  Aristotelian  principles.  In  the  ancient  hypothesis  of  polarity, 
KWf^  dyriTepurrcurtyy  similar  eoiidition»  attraet  each  other,  and  disamilir 
conditions  (+  and  •--)  repel  eaeh  othet  (eompare  Ideler,  Meteorol.  Teteram 
Grsec.  et  £om.  1832,  p.  10).  "  Opposite  conditions,  instaad  of  neutralising 
tension  by  their  combination,  on  the  contrary  increase  it.  The 
if/fXP^y  heightens  the  ^€pft6v ;  so  ako,  inversely,  iu  the  formation  of  hail, 
while  the  cloud  sinks  into  warmer  strata  of  air,  the  surroimding  wmoth 
makes  the  cold  body  still  colder."  Aristotle  explains  by  hia  antiperistatic 
process,  by  polarity  of  heat,  what  modern  physical  science  explains  b;  aon- 
duction,  radiation,  evaporation,  and  change  of  capacity  for  heat.  See  ingeniouB 
considerations  by  Paul  Erman,  in  the  Abhandl.  der  Berliner  Akademie  aof 
das  J.  1825,  S.  128. 

(^  p.  15. — "All  variation  in  natural  bodies,  all  terrestrial  phsenomeua, 
are  called  forth  by  the  motion  of  the  celestial  sphere." — ^Aristot.  Meteor,  i.  2, 
p.  339 ;  and  De  gener.  et  corrupt,  ii.  10,  p.  336. 

(^)  p.  15. — Aristot.  de  Coelo,  Lib.  i.  cap.  9,  p,  279  ;  Lib.  ii.  cap.  3,  p.  286; 
Lib.  ii.  cap.  13,  p.  292,  Bekker.     (Compare  Biese,  Bd,  i.  S.  352—857.) 

0*)  p.  15. — Aristot.  phys.  Auscult.  Lib,  ii.  cap.  8,  p.  199;  De  Anima, 
Lib.  iii.  cap.  12,  p.  434 ;  De  Animal,  geuerat.  Lib.  v.  cap.  1,.  p.  778,  Bekker. 

f*)  p.  16. — Aristot.  Meteor,  xii.  8,  p.  1074 ;  of  which  passage  a  remark- 
able elucidation  is  contained  in  the  Commentary  of  Alexander  Aphrodisiensis. 
The  heavenly  bodies  arc  not  soul-less  matter,  they  are  rather  to  be  regarded  is 
acting  and  living  beings  (Aristot.  de  Coelo,  Lib.  ii.  cap.  12,  p.  292).  They  arc 
the  divinest  of  phenomena,  rh.  ^eiSrepa  r&y  ^oMtpSov  (Aristot.  de  Oslo, 
Lib.  i.  cap.  9,  p.  278 ;  and  Lib.  ii.  cap.  1,  p.  284) .  In  the  little  psendo- 
Aristotelian  writing,  De  Mnndo,  in  which  a  religious  tone  (respecting  the 
preserving  omnipotence  of  God,  cap.  6,  p.  400)  is  often  seen  to  prevail,  the 
upper  aether  is  also  termed  divine  (cap.  2,  p.  392).  "What  Kepler,  in  the 
Mysterium  cosmographicum  (cap.  20,  p.  71),  fancifully  terms  "monng 
spirits" — "animse  motrices" — is  the  confused  idea  of  a  force  (virtus)  which 
has  its  principal  seat  in  the  sun  (anima  mundi),  diminishea  by  distance 
according  to  the  laws  of  light,  and  impels  the  planets  in  their  elliptic  paths. 
Comp.  Apelt,  Epocben  der  Gesch.  dtr  Menscheit  (Epochs  in  the  History  of 
Afaukind),  Bd.  i.  S.  274. 


F)  p.  16.— KosmoB,  Bd.  ii.  S.  280—391  (Englisli  edition.  Vol.  ii. 
j^SlS— 3S4). 

(^  p.  17- — See  the  inpf  nions  and  learned  acwwnl  of  tire  -writing*  of  the 
Plililoaopher  of  Nola,  in  the  work  entitled — Jordano  Bnmo,  par  ChciBtinH 
'    BarlholniJs!,  T.  ii.  1847.  p.  129,  149,  and  201. 

(=^  p.  17.-ne  was  bnrot  at  Rome  on  the  ITlii  of  rcbraarj,  1600, 
iccordiag  to  the  jentence — "ut  qoani  clemenliBBime  et  citra  Banguinia 
effanonum  pnairetur."     Brnno  naa  a  prisoner  six  yesta  aader  the  leads  at 

KM,  and  two  jeara  in  the  inqaUilion  at  Rome.  Uudaunted  and  unbroken 
[lirit  when  ihe  sentence  of  death  was  announoed  to  him,  lie  replied — 
ijori  fhraitan  cnm  timore  Benlentiam  in  me  fcrtia  ^nani  ego  accipiam." 
s  a  fugitive  froia  llalj  (in  I&SO),  be  tau£-ht  in  Geneva,  L70DS. 
Diue,  Paris,  Oiford,  Marburg,  'Wittenberg  (whicb  iie  oAlci  the  Athens 
srmaaj),  Pragne,  HFlmsledt,  where  in  1589  be  completed  the  scientific 
-ovation  of  Dnka  Henry  Tnlina,  of  Brrniswick-'WoItenbiittel  (BartholmeM, 
T.  i.  p.  167—178),  and  from  1B92  in  Padua. 

{»)  p.  18.— Bartbolmcsa,  T.  ii.  pp.  £19,  332,  and  870.  Bruno  collected 
with  care  the  several  obBeriationa  reapeBtlog  Cbe  great  cosmic^  eieaC  (1572) 
f  the  sadden  shining  forth  of  a  new  etcr  in  Casflopeia.  The  relations  vi 
It  oatnial  philoeophf  to  thatoftwoof  hisCalalirian  coantrymen — Beruardinu 
io  andTbumas  Campanella,  and  to  the.  platonlaing  Cardinal  Nicolaiis  Krcbs 
kCasa  (vide  Kosmos,  Bd.il.S.  503^  English  edition,  Vol.  ii.  p.  109j,— have 

u  mach  eiaminexl  in  modern  times- 

I '  '^)  P'  IS- — '  S'  iloo  Upiilca  in  allquo  loco  mnndi  coUocitrentDr  propinqui 

ra  orbem  virtu tia  tcrlii  cognati  corporis;  illi  lapides  sd  simlli- 

Idiliem  dnoram  msgoeticomm  corporum  eoireot  loco  intermedia,  qnilibet 

It  ad  alleruni  tanto  iutervallo,  quanta  est  altcriua  nolet  in  compara- 

Si  luna  et  Terra  noo  reliiierestur  vi  unimoli  (1)  out  alia  aliqna  lEqai- 

Uonle,  qmelibet  in  iuo  circuitu.  Terra  adfifoaderetadLunamquinquaneaima 

ts  parte  tutervalli,  Luns  desceaderet  ad.  Terram  qningoaginta  tnljus  circitcr 

litibua  iutervallij  ibi  jungereulur,  positu  tameu  quod  substantia  utri usque 

i  et  (jasdem  deoBitatit."     Kepler,  Astronomia  nova  sen  Phjsica 

in  de  Mutibns  Stellie  Martis,  1609,  Introd.  fol.  v.    Oo  the  older  vions 

30,  see  Kosmoe,  Bd.  ii.  S.  S48,  601,  and  503  (English  edition, 

i.  pp.  808,  Dvii.  and  cviii. 

(*)  p.  18. — "  Si  Terra  ccwaref  attrahere  ad  se  aquas  aaaa,  agum  marina 

OiDoeB  elevsreotnr  et  lu  curpna  Lunie  influerent.    Orbis  virtiitia  Iractoris,  qu» 

Nt  in  Lutm,  porrigltar  usque  ad  terras,  etprolectataqnngquaeunqueiuvertieem 
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loci  incidit  sab  zooam  toiridom,  qnippe  in  occnrsnm  samn  qoacnnqiie  in 
yerticem  loci  incidit,  insensibiliter  in  maribns  incloaiB,  aensibiiiter  ibi  nU 
sunt  latissimi  alrei    oceani  propiaqni,    aquisqne   spaciosa    redprocationis 

libertos"  (Kepler,  1.  c.)      "Undas  a  Lnna  trabi  ut  femun  a  magnete " 

Kei)leri  Ilarmonices  Mnndi  libri  qainqne,  1619,  lib.  iT.  cap.  7>  ?•  162. 
This  same  work,  which  contains  so  mock  that  is  admirabk,  and  e?ea  the 
basis  of  the  important  "  third  kw  "  (according  to  which  the  squares  of  the 
periods  of  revolution  of  two  planets  are  to  each  other  as  the  cubes  of  the 
mean  distances),  is  disfigured  by  the  wildest  fancies :  respiration,  nntrition, 
and  vital  heat  of  the  Earth  as  an  animal ;  on  a  soul  possessed  by  this  animal; 
its  memory  (memoria  animse  Terrse);   and  even  ita  imaginative  powen 
(animn  Telluris  imaginatio).     Kepler  was  so  much  attached  to  these  reveries 
that  he  even  had  a  serious  dispute  with  the  mystic  author  of  the  Macrocosmos^ 
Rooert  FJudd,  of  Oxford, — (said  to  have  had  a  share  in  the  invention  of  tlie 
thermometer) — respecting  the  right  of  priority  in  these  views  of  the  Earth  ai 
a  living  creature  (Harm.  Mundi,  p.  252).    The  attraction  of  mass  is  oftea 
confoimded  in  Kepler*s  writings  with  magnetic  attraction.     "  Corpus  SoUi 
esse  magneticum.  Virtntem,  quse  planetas  movet,  residere  in  corpore  Solis," 
(Stella  Martis,  Pars  iii.  cap.  82  and  34).     He  gives  to  every  planet  a  icag' 
nctic  axis,  which  is  always  directed  to  the  same  quarter  of  the  heavens  (Apelt^ 
Joh.  Keppler's  astron.  Weltansicht,  1849,  S.  73). 

(33)  p.  19.— Comp.  Kosmos,  Bd.  ii.  S.  364  and  512,  Note  55  (English 
edition,  Vol.  ii.  p.  323,  and  Note  495). 

(«)  p.  19.— La  Vie  de  M.  Des-Cartes  (par  Baillet),  1691,  P.  i.  p.  197; 
and  (Euvres  de  Descartes  publiees  par  Victor  Cousin,  T.  i.  1824,  p.  101. 

(^)  p.  20. — Lettres  de  Descartes  an  P.  Mersenne  du  19  Nov.  1633  et  da 
5  Janvier  1634  (Baillet,  P.  i.  p.  244—247). 

(^)  p.  20. — The  Latin  translation  is  entitled,  Mundus,  sive  Dissertatio  de 
Lumine  ut  et  dc  aliis  Sensuum  Objectis  primariis.  See  R.  Descartes,  Oposcula 
posthuma  physica  ct  mathematica,  Amst.  1704. 

(^  p.  21. — "  Lunara  aquis  carereet  acre :  marium  similitudinem  in  Luna 
nullam  reperio.  Nam  regiones  planas  quse  montosis  multo  obscuriores  sunt, 
quasque  vulgo  pro  maribus  haberi  video  et  oceanorum  nominibus  insigniri,  in 
his  ipsis,  longiore  telescopic  inspectis,  cavitates  exiguas  inesse  comperio 
rotundas,  umbris  intus  cadentibus  ;  quod  maris  superficiei  convenire  nequit 
turn  ipsi  campi  illi  latiores  non  prorsus  ecquabilem  aapek'ficiem  prsefenmt,  cian 
diligent! us  eas  intuemur.  Quodcirca  maria  esse  non  possunt,  sed  mateiia 
constare  debent  minus  candicante,  quam  quse  est  partibus  asperioribus,  in 
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qnibiis  mmu  quBdaiii  Yiiidiori  lamine  ceeteras  precellunt"  (HugeDi 
Coemotheoros,  ed.  alt.  1699,  Lib.  ii.  p.  114).  Haygens  supposes,  however, 
thai  there  is  much  storm  and  rain  in  Jupiter,  for  "  Tentorum  flatus  ei  iUa 
nubiom  Jovialiom  mutauili  facie  cognoscitur"  (Lib.  i.  p.  69).  The  reveries 
of  Hiqrgens  respecting  the  inhabitants  of  the  distant  planets,  which  were  nut 
worthy  of  a  severe  mathematician,  have  been  renewed  unfortunately  by 
TmmamiAl  Kaut  in  his  excellent  work,  AUgemeine  Naturgeschichte  und 
ThecNrie  des  Himmels,  1755  (S.  173—192). 

(")  p.  21. — Laplace,  (des  Oscillations  de  TAtmosph^re,  du  Flux  solaire  ct 
lonaire,)  in  the  M^canique  celeste,  Livre  iv. ;  and  in  the  Exposition  dn  Sy&t. 
da  Monde,  1824,  p.  291—296. 

(*)  p.  21. — "  Ac^icere  jam  licet  de  spiritu  quodam  subtilissimo  corpora 
ansa  pervadente  et  in  iisdem  latente,  cujus  vi  et  actionibus  particulae 
corpornm  dd  mimmas  distaniias  se  mutuo  atirahunt  et  contiguee  factee 
oohserent"  (Newton,  Priucipia  Phil.  nat.  ed.  Le  Seur  et  Jacquier,  1760 ; 
Schol.  gen.  T.  iii.  p.  676).  Compare  also  Newton,  Opticks  (ed.  1718), 
Qaery  31,  p.  305,  353,  367,  and  372.  (Laplace,  Syst.  du  Monde,  p.  384 ; 
Koamos,  Bd.  i.  S.  56  and  74  (English  edit.  Vol.  i.  pp.  50  and  x.  Note  22). 

(^  p.  22. — "  Hactenos  pheenomeha  coelorum  et  maris  nostri  per  vim  gravi- 
tatis  exposui,  sed  causam  gravitatis  uondum  assignavi.  Oritur  utique  h»c 
▼is  a  causa  aliqua,  qnee  penetrat  ad  usque  centra  solis  et  planetarum,  sine 
Tirtutis  diminutione ;  quseqne  agit  non  pro  quantitate  superficicrum  parti- 
cularum,  in  quas  agit  (at  solent  cause  mechanics),  sed  pro  quantitate 
materiae  solidse. — Rationem  harum  gravitatis  proprietatum  ex  pheeno- 
tnenis  nondum  potai  deducere  et  hypotheses  non  fiugo.  Satis  est  quod 
gra?itas  revera  existat  et  agat  secundum  leges  a  nobis  expositas"  (Newton, 
Prindpia  Phil.  Nat.  p.  676).  "  To  tell  us  that  every  species  of  things  is 
endowed  with  an  occult  specifick  quality,  by  which  it  acts  and  produces  mani- 
fest effects,  is  to  tell  us  nothing ;  but  to  derive  two  or  three  general  principles 
of  motion  from  pluenomena,  and  afterwards  to  tell  us  how  the  properties  and 
Actions  of  all  corporeal  things  follow  from  those  manifest  principles,  would  be 
m  very  great  step  in  philosophy,  though  the  causes  of  those  principles  were 
not  yet  discovered,  and  therefore  I  scruple  not  to  propose  the  principles 
of  motion,  and  leave  their  causes  to  be  found  out"  (Newton,  Opticks, 
p.  877).  In  an  earlier  place  (Query  31,  p.  351)  it  is  said — "  Bodies  act  one 
open  another  by  the  attraction  of  gravity,  magnetism,  and  electricity ;  and  it 
is  not  improbable  that  there  may  be  more  attractive  powers  than  these.  How 
these  attractions  may  be  performed,  I  do  not  here  consider.    What  I  call 
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attraction,  may  Ibe  performed  by  impulse,  or  by  some  other  means  nnlcDowa 
to  me.  I  use  that  word  hc*«^  to  signify  miy  force  by  which  bodies  tend 
towaids  one  another,  whatsoever  be  the  cause." 

(^*)  p.  22. — "  I  suppose  the  ndrer  SBther  within  bodies,  and  the  denaer 
without  them."  Operum  Newtoni,  Tomus  It.  (ed.  17S2,  Sam.  Horsley), 
p.  S86  ;  with  application  to  the  explanation  of  difiractioii  or  bending  of  light 
discovered  by  Grimaldi.  At  the  conclusion  of  Newton's  letter  to  Robert 
Boyle,  written  in  February  1678,  p.  394,  he  says,  "  I  shall  set  down  one 
conjecture  more  which  came  into  my  mind :  it  is  about  the  cause  of  gravity." 
Newton's  correspondence  with  Oldenburg,  in  December  1675>  also  shows 
that  he  was  not,  at  that  period,  disinclined  to  the  hypothesis  t)f  an  «tiiflr. 
According  to  it  the  impulse  of  material  light  would  put  the  aether  in  vibration ; 
the  vibrations  of  the  eether,  which  is  akin  to  a  nervous  fluid,  not  by  themselves 
producing  light.  See,  respecting  the  controversy  with  Hook,  Horsley,  T.iv. 
p.  378—380. 

{^)  p.  22.— Brewster,  Life  of  Sir  Isaac  Newton,  p.  303—305. 

O  P*  ^3. — The  precautionary  explanation,  "  not  to  take  gravity  for  n 
esscutiul  property  of  matter,"  given  by  Newton  in  the  **  Second  Advertise- 
ment/' contrasts  with  the  forces  of  attraction  and  repulsion  which  he  attri- 
butes  to  all  molecules,  in  order  to  explain,  in  a  manner  accordant  with  the 
theory  of  emission,  the  pheenomena  of  refraction  and  reflection  of  rays  of  light 
from  mirror  surfaces  "  before  actual  contact."     (Newton,  Opticks,  Bode  ii. 
Prop.  8,  p.  241 ;   and  Brewster's  Life  of  Newton,  p.  301.)     According  to 
Kant   (Die   metaphysischen  Anfangsgriinde  der  Naturvsissenschaft,  1800, 
S.  28),  the  existence  of  matter,  without  these  forces  of  attraction  and 
re^JulsioD,  cannot  be  imagined.     According  to  him,  therefore,  as  according  to 
he  earlier  Goodwin  Knight  (Phil.  Trans.  1748,  p.  264),  all  physical  pfaseno- 
mena  are  to  be  traced  back  to  the  conflict  of  these  two  fundamental  forces. 
In  the  atomic  systems,  which  are  diametrically  opposed  to  Kant's  dynamic 
views,  and  according  to  an  assumption  which  was  widely  diff'used,  especially 
through  the  influence  of  Lavoisier,  the  attractive  force  is  attributed  to  the 
ultimate  particles  or  molecules  of  which  all  bodies  consist,  and  the  repulsive 
force  to  the  atmospheres  of  caloric  which  surround  the  molecules.    In  this 
hypothesis,  which  regards  the  so-called  caloric  as  matter  in  a  constant  state 
of  expansion,  there  are  assumed  two  difierent  kinds  of  matter;  t.  e,  two 
diflercnt  elementary  substances,  as  in  the  myth  of  two  kinds  of  setber. 
(Newton,  Opt.  Query  28,  p.  399.)    One  then  asks.  What  is  it  which  again 
expands  this  caloric  matter  P    Considerations  on  the  density  of  the  molecnles 
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in  comparison  with  the  density  of  their  aggregates  (the  entire  body),  lead,  in 
following  atomic  hypotheses,  to  the  result,  that  the  distance  of  the  mole- 
eoles  from  each  other  is  much  greater  than  their  diameters. 

{^  p.  24.— Kosmos,  Bd.  i.  S.  98—102  (English  edit.  Vol.i.  p.  86—89). 

(41)  p.  24.— Id.  Bd.  i.  S.  89  and  50—56  (English,  edit.  Vol.  i.  p.  40  and 
42—50). 

(^  p.  24.— WOhelm  toe  Hnmboldt,  Gesammelte  Werke,  Bd.  i.  S.  23. 


(^  p.  26.— Koemos,  Bd.  i.  S.  80  and  81  (English  edition,  Vol.  i. 
p.  68  and'69). 

'(«)  p.  27.— Id.  S.  51  (English  edition,  p.  44). 

(•)  p.  27.— Halley,  in  the  Phil.  Trans,  for  1717,  Vol.  xxx.  p.  786. 

(^  p.  28.— Pseudo-Plut.  de  plac.  Philos.  ii.  15—16;  Stob.  Edog.  phys. 
p.  582;  Plato,  in  Tim.  p.  40. 

(")  p.  28. — ^Macrob.  Somn.  Scip.  i.  9 — 10 :  "^tellsB  inerrantes,"  in  Cicero 
de  Nat.  Deomm,  iii.  20. 

C)  p.  28. — ^The  principal  passage  in  which  the  technical  expression, 
M^fjJva  iarpOj  occurs,  is  Aristot.  de  Coslo,  ii.  8,  p.  289,  lin.  34 ;  p.  290, 
lin.  19,  Bckker.  This  alteration  of  the  nomenclatnre  had  previonsly  arrested 
my  attention  when  engaged  in  examinations  respecting  Ptolemy's  optics,  and 
his  experiments  on  the  refraction  of  rays.  Professor  Franz,  of  whoso  philo- 
logical learning  I  have  often  been  glad  to  avail  myself,  remarks  that 
Ptolemy  (Syntax,  vii.  1)  also  says  of  the  fixed  stars — &<rrcp  irpo<nr€^vK<frrT, 
as  if  fastened  to  the  sky.  Ptolemy  blames  the  expression  ctpalpa  dir\airris 
(orbis  inerrans),  remarking  that,  "inasmuch  as  the  stars  always  j^reserve 
their  distances  from  jeaeh.  other,  we  may  justly  term  them  A,T\av€is ;  but 
inasmuch  as  the  whole  sphere  to  which  they  are  attached  is  in  motion,  the 
name  air^oid^s  seems  but  little  suited  thereto." 

(»^  p.  28.— Cicero  de  Nat.  Deor.  i.  1^;  Plin.  ii.  ^  and  24 ;  Manilins, 
ii.  85. 

(")  p.  80.— Kosmos,  Bd.  i.  S.  91  (English  edition.  Vol.  i.  p.  78). 
Compare  Encke's  excellent  considerations  on  the  Arrangement  of  the 
Sidereal  System,  1844,  S.  7. 

(»)  p.  81.— Kosmos,  Bd.  i.  S.  162  (English  edition.  Vol.  i.  p.  146). 

(")  p.  31.— Aristot.  de  Coelo,  i.  7,  p.  276,  Bckker. 

CO  P-  81.— Sir  John  Herschel,  Outlines  of  Astronomy,  1«49,  §  808 
p.  541. 
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(^  p.  82.— Bessd,  in  Schumacher's  Jahrbniih  fur  1839,  S.  50. 

(»)  p.  32.— Ehrenberg»  ^a  the  Ahhandl.  der  BerL  Akad.  1838,  S.  59  j  in 
his  "Infusiousthieren,"  S.  170. 

(«>)  p.  33.— Aristotle,  at  that  early  period,  argued  against  Leucippns  and 
Democrites  that  there  can  be  no  unoccupied  space — no  Toid  in  the  UniyeRc 
(Phys.  Auscult.  ir.  6  to  10,  p.  213—217,  Bekker). 

(61)  p.  83.— "  Ak&'sa,  according  to  Wilson's  Sanscrit  Dictionary,  is  'the 
subtle  and  ethereal  fluid  supposed  to  fill  and  pervade  the  Universe,  and  to  be  the 
peculiar  vehicle  of  light  and  sound.'  The  word  &k&'sa  (shining)  comes 
from  the  root  k&'s,  to  shine,  combined  with  the  preposition  IL  The  fi?e 
elements  collectively  are  called  pantschat&  or  pantschatra ;  and  a  dead  man  is, 
singularly  enough,  called  one  who  has  attained  the  five  elements  (pr&pto- 
pantschatra),  i.  e.  one  who  has  been  dissolved  into  the  five  elements.  So  ia 
the  text  of  the  Amarakoscha,  Amarasinha's  Dictionary"  (Bopp).  Colebrook's 
excellent  Memoir  on  the  Sankhya-Philosophy  treats  of  the  five  elements 
(Transactions  of  the  Asiatic  Society,  Vol.  i.  Lond.  1827,  p.  31).  Strabo 
(xv.  §  59,  p.  713,  Cas.)  notices,  from  Megasthenes,  the  fifth  all- fashioning 
element  of  the  Indians,  without,  however,  naming  it. 

(^  p.  33.— Empedocles  (v.  216)  terms  the  aether  itafi/^ay6t$p,  bri^t- 
beaming,  therefore  self-luminous. 

(®)  p.  33.— Plato,  Cratyl.  410,  B,  where  hti^^hp  is  found.  Aristot.  de 
Ckfilo,  i.  3,  p.  270,  Bekk.,in  opposition  to  Anaxagoras — eu^tpa  icpo(roov6iuurw 
rbf  avoordrca  rSirou,  dirh  rod  ^eTv  dti  rbv  67Biov  XP^^^^  dffitvoi  t^p  €vm- 
pvfiiau  ahrw.  Ava^ayipas  8^  KaroKexp^Tai-  t£  vubfiari  to&tm  6v  jcoXfif 
hvofidfft  yap  cu^epa  avri  irvpos.  In  Aristot.  Meteor,  i.  3,  p.  339, 
lin.  21 — 34,  Bekk.,  it  is  said  more  in  detail — "  The  so-called  aether  has  an 
ancient  appellation,  which  Anaxagoras  appears  to  identify  with  fire;  for  the 
upper  region,  he  says,  is  full  of  fire,  and  that  upper  region  he  looked  upon  as 
eether :  and  herein  he  was  also  right,  for  the  bodies  which  move  eternally  in 
their  courses  appear  to  have  been  regarded  by  the  ancients  as  having  in  their 
nature  something  divine,  and  therefore  were  called  sether,  as  a  substance  to 
which  there  is  nothing  comparable  on  earth.  Those,  however,  who  regard 
surrounding  space,  and  not  merely  the  bodies  which  move  in  it,  aa  fire,  and 
all  between  the  Earth  and  the  stars  as  air,  would  surely  give  up  their  childish 
dream  if  they  would  accurately  consider  the  results  of  the  latest  researches  of 
mathematicians."  (The  same  etymology  of  the  word,  from  rapid  revolution, 
is  repeated  by  the  author  of  the  book  De  Mundo,  cap.  2,  p.  392,  Bekk.) 
Professor  Franz  has  justly  remarked,  "  that  the  play  upon  words  of  bodies 
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engaged  in  an  'etemal  coone'  (ff&fxa  ^i  ^4ov)  and  '  divine'  (d^eiov),  alladed 
to  in  the  MeteOTologica,  is  strikingly  indicative  of  Greek  fancy,  and  gives  an 
additional  evidence  of  the  far  from  happy  treatment  of  etymologies  by  the 
ancients."  FrofiBsaor  Bnschmann  calls  attention  to  a  Sanscrit  word,  ftschtra, 
for  sther,  atmosphere,  which  resembles  much  in  appearance  the  Greek  oudiip, 
and  had  been  compared  with  it  by  Vans  Kennedy,  in  his  "  Researches  into 
the  Origin  and  Affinity  of  the  principal  Languages  of  Asia  and  Europe,"  1 828, 
p.  279.  There  may  be  assigned  to  this  word,  also,  a  root  (as,  asch),  to  which 
the  Indians  attached  the  idea  of  "  shining." 

(«)  p.  S4.— Aristot.  de  Ckdo,  iv.  1  and  3—4,  p.  808  and  311—312, 
Bekk.  If  Aristotle  refused  to  the  aether  the  name  of  a  fifth  element — which, 
indeed.  Bitter  and  Martin  deny  (vide  Rittcr,  Greschichte  der  Philosophie, 
Th.  iii.  S.  259 ;  and  Martin,  Etudes  sur  le  Timee  de  Platon,  T.  ii.  p.  150)— 
it  was  only  because  the  sether,  as  a  state  of  matter,  appeared  to  him  to  want 
a  oonnterpart  (compare  Biese,  Philosophie  des  Aristoteles,  Bd.  ii.  S.  66). 
With  the  Pythagoreans,  eether  as  a  fifth  element  was  represented  by  the  fifth 
of  the  regularly-formed  bodies,  the  dodecahedron,  composed  of  twelve  penta- 
gons (Martin,  T.  ii.  p.  245—250). 

C^  p.  84. — See  on  this  subject  the  passages  collected  by  Biese,  Bd.  ii. 
S.  98. 

(^  p.  85.— Kosmos,  Bd.  i.  S.  159  and  416,  Note  88  (English  edition. 
Vol.  i.  p.  143,  Note  118). 

CO  P*  ^^' — Compare  the  fine  passage  on  the  rays  of  the  sun  in  Sir  John 
Hvschel's  Outlines  of  Astronomy,  p.  237  : — By  the  vivifying  action  of  the 
son's  rays  vegetables  are  enabled  to  draw  support  from  inorganic  matter,  and 
become,  in  their  turn,  the  support  of  animals  and  of  man,  and  the  sources  of 
those  ffreat  deposits  of  dynamical  efficiency  which  are  IcUd  up  for  human  use 
01  our  coal  strata.  By  them  the  waters  of  the  sea  are  made  to  circulate  in 
vapour  through  the  air,  and  irrigate  the  land,  producing  springs  and  rivers. 
By  them  are  produced  all  disturbances  of  the  chemical  equilibrium  of  the 
elements  of  nature,  which,  by  a  series  of  compositions  and  decompositions, 
give  rise  to  new  products,  and  originate  a  transfer  of  materials." 

(«)  p.  85.— Phil.  Trans,  for  1795,  Vol.  kxxv.  p.  318;  John  Herschel, 
Outlines  of  Astronomy,  p.  238 ;  Kosmos,  Bd.  i.  S.  195  and  436,  Note  38 
(English  edition.  Vol.  i.  p.  177  and  Note  163). 

C)  p.  36. — Bessel,  in  Schumacher's  Astr.  Nachr.  Bd.  xiii.  1836, 
No.  800,  S.  201. 

(^  p.  86.— Bessel,  in  the  same,  S.  186—192  and  229. 
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(P)  p.  86.~Foarier,  Theorie  analytique  de  la  CHalear,  1833,  p.  ix. 
(Annales  de  Chimie  et  de  Physique,  T.  iii.  1816,  p.  350 ;  T.  iv.  1817,  p.  128; 
T.  vi.  1817,  p.  259  ;  T.  xiiL  1820,  p.  418.)  Nnmerical  -estimatioiis  of  the 
loss  which  the  heat  of  the  stars  (chalear  stellaire)  snfTera  in  passing  throng 
space,  by  absorption  in  the  ether,  are  attempted  by  Poisson,  in  his  Theorie 
math^matique  de  la  Chalenr,  $  196,  p.  436;  $  200,  p.  447  ;  and  $  228,  p.  521. 

(P)  p.  36. — On  the  wanning  power  of  the  stars,  see  Aristot.  Meteor,  i.  8, 
p.  340,  lin.  28 ;  and  Seneca,  on  the  height  of  the  strata  of  the  atmosphere 
which  have  the  minimum  of  heat,  in  Nat.  Qnsest.  ii.  10 — "aaperiora  emm 
aeris  calorem  vicinorom  sidemm  sentinnt " 

(7»)  p.  36.— Pint,  de  plac.  -Phflos.  ii.  13. 

(J*)  p.  87. — Arago  snr  la  temp^ture  dn  Pole  et  des  espaoes  celestes, 
in  the  Annnaire  du  Bnrean  des  Long,  pour  1825,  p.  189,  and  poor  1834, 
p.  192 ;  Saigey,  Physique  dn  Globe,  1832,  p.  60 — 78.  From  discnssions  on 
the  refraction  of  rays,  Svanberg  finds,  for  the  temperature  of  space,  —  50*^.3 
Cent.,  or  -58^5  P.  (Berzelius,  Jahresbei-icht  ftir  1830,  S.  54) ;  Arago  makes 
it,  from  polar  observations,  -56°.7  Cent.  (-70**  F.);  Peclet,  -60°  Cent 
(—  76°F.) ;  Saigey,  by  the  diminution  of  heat  in  the  atmosphere  from  367 
of  my  determinations  in  the  Andes  and  in  Mexico,  —  65°  Cent.  ( —  85°  F.),  and 
by  thermometric  observations  on  Mont  Blanc  and  in  Gay-Lussac's  aerostatic 
voyage,  -77°  Cent.  (-106°.^  F.) ;  Sir  John  Herschel  (Edinburgh  Review, 
Vol.lxxxvii.l848,p.223)make8it-132°F.  ThatPcisson,  (the  mean  tempe- 
rature of  Melville  Island,  lat.  74°  47',  being  already  -a8°.7  Cent,  or— 1°.7  P.). 
could  deduce  for  the  temperature  of  space,  from  purely  theoretical  grounds — 
[according  to  which  space  would  be  warmer  than  the  extreme  limit  of  the 
atmosphere  (§  227,  p.  520)]— a  temperature  no  lower  than  —13°  or  +  8°.6  P., 
— while,  on  the  other  hand,  Pouillet  (Comptes  rendns  de  TAcad.  des  Sc.T.  vil 
1838,  p.  25-65)  makes  it  -142°  C.  (223°.6  F),— must  excite  our  astonish- 
ment, and  diminish  our  confidence  in  the  methods  of  inquiry  hitherto  pursued 
in  these  interesting  speculations. 

(P)  p.  38. — Poisson,  Theorie  mathem.  de  la  Chaleur,  p.  438.  According 
to  him,  the  consolidation  of  the  terrestrial  strata  oegan  from  the  centre,  and 
proceeded  gradually  from  thenee  to  the  surface  (§  193,  p.  429).  Compare 
also  Kosmos,  Bd.  i.  S.  184  (English  edition.  Vol.  i.  p.  166). 

(7«)  p.  38.— Kosmos,  Bd.  i.  S.  «6  and  149  (English  edition.  Vol.  i.  p.  74 
and  133). 

(p)  p.  39.^"  Were  there  no  atmosphere,  a  thermometer,  freely  exposed 
(at  sunset)  to  the  beating  influence  of  the  earth's  radiation,  and  the  cooling 
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power  of  its  own  iiito- space,  woald  indicate  a  medium  'teDi})eratare  between 

that  of  the  celestial  spaces  (—182^  F.)  and  that  of  the  earth's  surface  below 

it  (82°  F.  at  the  equator,  —  3°.5  F.  in  the  Polar  Sea).     Under  the  equator, 

then,  it  would  stand,  on  the  average,  at  —25°  F.,  and  in  the  Polar  Sea  at 

~68°  F.    The  presence  of 'the  atmosphere  tends  1)0  prevent  the  thermometer 

80  exposed  firom  attaining  these  extreme  low  temperatures — first,  bv  imparting 

heat  by  conduction ;  secondly,  by  impeding  radiation  outwards"  (Sir  John 

Herschel,  in  the  Edinburgh  Review,  Vol.  Ixxxvii.  1848,  p.  228).     "  Si  la 

ehalenr  des  espaces  planetaires  n'existoit  point,  notre  atmosphere  eprouverait 

un  refiroidiasement,  dont  on  ne  pent  fixer  la  limite.    Probablement,  la  vie  dea 

plantes  et  des  animaux  seroit  impossible  k  la  surface  du  globe,  on  rMegu^e 

dans  nne  ^troite  zone  de  cette  surface"  (Saigey,  Physique  du  Globe,  p.  77). 

P*)  p.  89. — ^Traite  de  la  (3om^tc  de  1743,  avec  une  Addition  sur  la  Force 
de  la  Lnmiere  et  sa  Propagation  dans  TEther,  et  sur  la  Distance  des  Etoiles 
fixes,  par  Loys  de  Cheseaux  (1744).  On  the  transparency  of  space,  see 
Olbers,  in  Bode's  JahrbuA  fiir'1826,  S.  110—121 ;  Strove,  Etudes  d*Astr. 
stellaire,  1 847,  p.  83-^93,  and  Note  95.  Compare  also  Sir  John  Herschel, 
Outlines  of  Astr.  $  798 ;  and  Kosmos,  Bd.  i.  S.  158  (English  edit.  vol.  i.  p.  142). 

P»)  p.  40.— Halley  on  the  Infinity  of  the  Sphere  of  Fixud  Stars,  in  the 
PhiL  Trans.  Vol.  xxxi.  for  the  year  1720,  p.  22—26. 

(»)  p.  40.— Kosmos,  Bd.  i.  S.  92  (English  Edition,  Vol.  i.  p.  80). 

(^*)  p.  40. — "  Throughout  by  far  the  larger  portion  of  the  extent  of  the 
Milky  "Way  in  both  hemi^heres,  the  general  blackness  of  the  ground  of  the 

heavens  on  which  its  stars  are  projected,"  &c "In  those  regions  where 

that  zone  is  clearly  resolved  into  stars  well  separated,  and  seen  projected  on  a 

hiaek  ground^  and  where  we  look  out  beyond  them  into  space" (Sir  John 

Herschel,  Outlines  of  Astronomy,  p.  537  and  539). 

(«)  p.  40.— Kosmos,  Bd.  i.  S.  89,  113,  and  393,  Note  23  (English  edition, 
p.  77»  99,  and  Note  53) ;  Laplace,  Essai  philosophique  sur  les  Probabilites, 
1825,  p.  133  ;  Arago,  in  the  Annuaire  du  Bureau  des  Long,  pour  1832,  p.  188, 
ponr  1836,  p.  216;  John -Herschel,  Outlines  of  Astronomy,  §  577. 

(^  p.  40. — The  vibratory  motion  of  the  effluxes  at  the  head  of  some 
comets — such  as  was  observed  in  the  comet  of  1744,  and  by  Bessel  in  Halley 's 
comet  between  the  12th  and  22d  October,  1835  (Schumacher,  Astron.  Nachr. 
No.800— 302,  S.  18)— 232)— "  may,  indeed,  in  particular  individuals  of  this 
class  of  bodies,  influence  the  translatory  motion  and  the  rotation,  and  even 
lead  us  to  infer  polar  forces  (S.  201  and  229)  difiercnt  from  the  ordinary  attract- 
ing power  of  the  Sun  ;"but  the  acceleration  of  the  three  and  a  half  yearly  period 
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of  revolution  of  Encke's  comet,  which  has  already  manifeated  itself  with  saeh 
great  regolarity  for  sixty-three  years,  cannot  well  be  conceived  to  be  depen- 
dent on  a  sum  of  accidental  effluxes.  Compare,  respecting  this  cosnueaUy 
important  subject,  liossel,  in  Schumacher's  Astr.  Nachr.  No.  289,  S.  6,  and 
No.  810,  S.  345 — 350,  with  Encke's  Memoir  on  the  Hypothesu  of  a 
Resisting  Medium,  in  Schum.  No.  805,  S.  265—274. 

(••)  p.  41.— Olbers,  in  Schum.  Astr.  Nachr.  No.  268,  S.  58. 

(*)  p.  41. — Outlines  of  Astronomy,  §  556  and  597. 

(^)  p.  41. — "En  assimilant  la  mati^  tr^  rare  qui  remplit  les  espsoes 
o^lestes  quant  k  ses  propri^t^  r^firingentes  anx  gas  terrestres,  la  densite  de  oette 
mati^  ne  sanrait  depasser  une  certaine  limite  dont  les  observatioos  da 
^iles  changeantes,  p.  e,  celles  d' Algol  on  de  iS  de  Persec,  peuvent  assigDer 
la  valeur  (Arago,  Annnaire  pour  1842,  p.  386 — 345). 

(8^)  p.  41.— Wollaston,  iu  the  PhQ.  Trans,  for  1822,  p.  89;  Sir/oIa 
Herschel,  Outl.  of  Astr.  §  34  and  36. 

n  p.  42.— Newton,  Princ.  mathem.  T.  iii.  (1760),  p.  671 :— "VapoM, 
qui  ex  sole  et  stellis  fixis  et  caudU  cometarum  oriuntur,  incidere  powad  in 
atmosphaeras  planetarum." 

(»)  p.  42.— Kosmos,  Bd.  i.  S.  129  and  141  (English  edition.  Vol.  i.  p.  114 
and  126). 


(W)  p.  43.— Kosmos,  Bd.  ii.  S.  356—373  and  507—615  (English edition, 
Vol.  ii.  p.  314—330,  Note  482-503). 

(^^)  p.  43.— ^Delambre,  Hist,  de  TAstronomie  modeme,  T.  ii.  p.  255, 269, 
and  272.  Morin  says  himself,  in  his  Scientia  Longitudinum,  published  is 
1634 — "  Applicatio  tubi  optici  ad  alhidadam  pro  stellis  fixis  prompte  et 
accurate  mensurandis  a  me  excogitata  est."  Picard  used  no  telescope  with  his 
mural  quadrant  up  to  1667 ;  and  Hevelius,  when  Halley  visited  him  in  1(79, 
at  Dautzic,  and  admired  the  exactness  of  his  measurements  of  altitude  (Baily, 
Catal.  of  Stars,  p.  38),  observed  through  improved  apertures  for  unassisted 
vision. 

(*•)  p.  44. — The  unfortunate  Crascoigue,  whose  merits  were  long  unac- 
knowledged, met  his  death,  when  hai-dly  23  years  of  age,  at  the  battle  of 
Marston  Moor,  between  Cromwell  and  the  King*s  troops  (see  Derham,  in  th* 
Pha.  Trans.  Vol.  xxx.  for  1717—1719,  p.  603—610).  To  him  belong 
inventions  or  adaptations  which  were  long  attributed  to  Picard  and  Aiis>at» 
and  which  gave  to  "  Observing  Astronomy," — which  has  for  its  chief  object 


NOTES.  XV 

the  detenuioation  of  placo  in  the  heavens, — an  extension  and  snecess  neyer 
before  attained. 

(^  p.  44.— Kosmos,  Bd.  ii.  S.  209  (English  edition,  Vol.  ii.  j).  175). 

(^)  p.  45. — The  passage  in  vhich  Strabo  (Lib.  iii.  p.  188,  Casanb.)  seeks 
to  refiite  the  views  of  Posidonins,  rnns,  according  to  the  manuscript,  as 
foUows: — "The  image  of  the  sun,  both  at  sunrise  and  sunset,  is  enlarged 
over  the  sea,  because  there  the  vapours  ascend  most  abundantly  from  the 
humid  element ;  for  the  eye,  when  it  sees  through  vapours,  as  when  it  looks 
through  tubes,  receives  the  images  refracted  and  enlarged :  and  the  same  thing 
happens  when  it  sees  the  sun  or  moon  set  behind  a  thin  dry  cloud,  in  which 
case  they  also  appear  of  a  red  colour.'*  This  passage  has,  quite  lately,  been 
supposed  to  be  corrupt  (Kramer,  in  Strabonis  Oeogr.  1844,  Vol.  i.  p.  211)  ; 
and  it  has  been  proposed  to  read  in  lieu  of  Bi  av\&v,  Bi  vd\w  (through 
glass  globes)  (Schneider,  Eclog.  phys.  Vol.  ii.  p.  273).  The  magnifying 
power  of  hollow  glass  globes  filled  with  water  (Seneca,  i.  6)  was,  indeed, 
known  to  the  ancients,  as  well  as  the  effects  of  burning  glasses,  or  '*  burning 
crystals'*  (Aristoph.  Nub.  v.  765),  and  of  Nero's  emerald  (Plin.  ixxvii.  5) ; 
but  certainly  such  globes  could  not  serve  for  astronomical  measuring  instru- 
ments (compare  Kosmos,  Bd.  ii.  S.  464,  Note  44 ;  English  edition.  Vol.  ii. 
Note  384).  Altitudes  of  the  Sun,  taken  through  thin  light  clouds,  or  through 
volcanic  vapours,  show  no  trace  of  the  influence  of  refraction  (Humboldt, 
Recueil  d'Observ.  astr.  Vol.  i.  p  123).  Colonel  Baeyer  has  been  unable  to 
find  any  angular  alteration  of  the  heliotrope  light  when  streaks  of  mist  were 
passing,  or  even  with  vapours  purposely  called  forth,— thus  confirming 
Arago's  experiments.  Peters,  in  Pulkova,  in  comparing  groups  of  star- 
altitudes  measured  when  the  sky  was  clear  with  others  observed  through 
light  clouds,  finds  no  difference  amounting  to  C.017  (see  his  Recherches  sur 
la  Parallaxe  des  Etoiles,  1848,  p.  80  and  140 — 143  ;  Struve,  Etudes  stellaires 
p.  98).  On  the  employment  of  tubes  in  Arabian  instruments,  see  Jourdain 
sur  rObservatoire  de  Meragah,  p.  27 ;  and  A.  Sedillot,  Mem.  sur  les  Instru- 
ments astronomiqucs  des  Arabes,  1841,  p.  198.  Arabian  astronomers  have 
also  the  merit  of  having  first  introduced  large  gnomons  with  small  circular 
openings.  In  the  colossal  sextants  of  Abu  Mohammed  al-Chokandi,  the 
limb,  graduated  to  5  minutes,  received  the  image  of  the  Sun  itself.  "  A  midi 
les  rayoos  du  Soleil  passaient  par  une  ouvertiire  pratiquee  dans  la  vodte  de 
rObservatoire  qui  oouvrait  Tiustrument,  suivaicut  le  tayau,  et  formaicnt  sur  la 
ooncavitc  du  sextant  une  image  circulaire,  dont  le  centre  donnait,  sur  Tare 
gradne,  le  complement  de  la  hauteur  du  Soleil.    Cet  instrument  ne  diff^  de 
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notre  Mural  qu'en  ce  qa'il  ^tait  garQi  d'nn  mmple  tnyaa  aa  liea  d'nne  iTmette" 
S^diUot,  p.  37,  202,  and  205.    Pierced  Sight-vanes  (Diopten,  Kmnhe.) 
were  employed  by  the  Greeks  and  Arabians  for  the  determinatioaoftke 
diameter  of  the  Moon  in  soch  manner,  that  the  circular  opening  ia  tltt 
moveable  object-diopter  was  larger  than  that  of  the  eye-diopter,  whidi  M  not 
moTe ;  and  the  former  was  moved  until  the  disc  of  the  Moon  seen  through  die 
eye-aperture  filled  up  the  object-i^atuie  (Ddambre,  Hist,  de  I'Astr.  da  mojea 
Age,  p.  201 ;  Sedillot,  p.  198).    The  sight-vanes,  with  round  or  loogitndiiiil 
openings  of  Archimedes,  who  made  use  of  the  direction  of  the  shadows  of  two 
small  cylinders  attached  to  the  same  alidade,  appear  to  be  an  arnrngemeit 
first  introduced  by  Hipparchus  (BaiUy,  liist.  de  TAstr.  mod.  2de  ^t.  1785, 
T.  i.  p.  480).    Compare  also  Theon  Alexandrin.  Bas.  1538,  p.  257  and  252; 
Les  Hypotyp.  de  Produs  Diadochus,  ed.  Hakna,  1820,  p.  107  ttid  UO;  md 
Ptolem.  Almag.  ed.  Halma,  T.  i.  Par.  1813,  p.  kii. 

(^  p.  45. — According  to  Arago.  See  Moigno,  B^pert.  d'Optique  modone, 
1847.  p.  158. 

(^  p.  46. — Respecting  the  comportment  of  the  dark  streaks  of  the  Son's 
ima:^  in  the  Daguerreotype, see  the  Comptes  rendus  des  Somces  de  rAcademie 
des  Sciences,  T.  liv.  1842,  p.  902—904;  and  T.  xvi.  1843,  p.  402—407. 

0>O  p.  47.— Kosmoa,  Bd.  ii.  S.  370  (English  edition.  Vol.  ii.  p.  829). 

(*)  p.  47. — ^For  the  important  distinction  of  proper  and  reflected  light 
I  may  adduce,  as  an  example,  Arago's  investigation  of  the  light  of  comets. 
By  the  employment  of  chromatic  polarisation,  discovered  by  him  in  1811, 
the  production  of  the  complementary  colours,  red  and  green,  showed  that  the 
light  of  Halley*s  comet  (1835)  contained  reflected  solar  light.  I  was  myself 
present  at  his  earlier  attempts  to  compare,  by  means  of  the  equal  or  unequal 
intensities  of  the  images  in  the  polariscope,  the  proper  light  of  Capella  with 
the  light  of  the  bright  comet  which  emerged  suddenly  from  amidst  the  rays  of 
the  Sun  in  the  beginning  of  July  1819.  Annnaire  du  Bureau  des  LoDfr. 
pour  1836,  p.  232 ;  Kosmos,  Bd.  i.  S.  Ill  and  392  (English  edition,  p.  97 
and  p.  xix.  Note  51)  ;  and  Bessel,  in  Schumacher's  Jahrbuch  fiir  1837, 
S.  169. 

(**)  p.  47.— Lettre  de  M.  Arago  k  M.  Alexandre  de  Humboldt,  1840, 
p.  37 : — "A  Taide  d'un  polariscope  de  mon  invention,  je  reconnus  (avant 
1820),  que  la  lumiere  de  tons  les  corps  terrestrea  incandescents,  solids  w 
liquides,  est  de  la  lumiere  naturelle,  taut  qu'elle  emane  du  corps  sous  det 
incidences  perpendiculaires.  La  lumiere,  an  contraire,  qui  sort  de  la  snr&ee 
incandescente  sous  un  angle  aigu,  offire  des  marques  manifestes  de  pohirisatioD. 
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Jb  ue  m'arr^te  pas  k  te  rappeler  i^i  comment  je  deduisis  de  ce  fait  la  coose- 
qnence  ciuriense  que  la  lami^  ne  s'engendre  pas  senlement  k  la  surface  dea 
ooarpe :  qa'iuie  portion  nait  dans  leur  substance  mSme,  cette  substance  f(it-elle 
da  platine.  J'ai  senlement  besoin  de  dire  qu'en  r^petant  la  mime  serie 
d'^preuves,  et  a?ec  les  mimes  instruments,  sur  la  lumi^re  que  lance  une  sub- 
■tmoe  gazeuse  enflamm^  on  ne  lui  trouve,  sous  quelque  xncHnaison  que  ce 
9oiit  ancon  des  caractlres  de  la  Jumihe  polarisSe;  que  la  lumiere  des  gas, 
prise  4  la  sortie  de  la  surface  enflammee,  est  de  la  lumiere  naturelle,  ce  qui 
n'empdehe  pas  qu'elle  ne  se  polarise  ensuite  complltement  si  ou  la  soumet  k 
dflB  reflexions  ou  k  des  refractions  convenables.  Pe  li^  une  methode  tres 
mnpk  pov  d^uvrir  k  40  millions  de  lieues  de  distance  la  nature  du  Soleil. 
La  lomi^  provenant  du  lord  de  cet  asire,  la  lumih«  emanee  de  la  mati^re 
•daire  sous  uh  angle  aigu,  et  nous  arrivant  sans  avoir  eprouve  en  route  des 
reflexions  on  des  refractions  sensibles,  offire-t-elle  des  traces  de  polarisation,  le 
Soleil  eat  un  corps  solide  ou  liquide,  S*il  n'y  a,  an  contraire,  aucuu  indice 
<te  polarisation  dans  la  lumiere  du  bord,  la  partie  incandescetite  du  Soleil  est 
gazeuse.  C?est  par  cet  euefaalneroent  methodique  d*observations  qu'on  pent 
arriver  h,  des  notions  exactes  sur  la  constitution  physique  du  Soleil."  (On 
the  envelopes  of  the  Sun,  see  Arago,  in  the  Anuuaire  pour  1846,  p.  464.) 
I  give  all  the  detailed  optical  explanations  which  I  borrow  from  the  writings 
of  my  friend  (whether  manuscript  or  printed)  in  his  own  words,  in  order  to 
avoid  mi>takes  to  which  the  fluctuations  of  scientific  termio(^ogy  might  give 
rise  in  either  retranslating  into  French  or  in  translating  into  the  several  other 
languages  in  which  Cosmos  appears. 

('*")  p.  47. — Sur  I'liTet  d'une  lame  de  tourmaline  taillce  parallelement  aux 
iirltea  du  prisme  servant,  lorsqu'elle  est  convennblemeut  situee,  a  eliminer 
en  totality  les  rayons  reflechis  par  la  surface  de  la  mer  et  meles  a  la  lumiere 
provenant  de  recueil :  vide  Arago,  Instructions  de  la  Bonite,  in  the  Annuaire 
pour  1836,  p.  339—343. 

(****)  p.  47. — De  la  possibility  de  determiner  les  pouvoirs  refringcnts  des 
corps  d'apres  leur  composition  chimique  (applied  to  the  proportions  of  oiygen 
and  nitrogen  in  atmospheric  air ;  to  the  quantity  of  hydrogen  contained  in 
ammonia  and  in  water ;  to  carbonic  acid,  alcohol,  and  the  diamond),  see  Biot 
et  Arago,  M^moire  sur  les  Affinites  des  Corps  pour  la  Lumiere,  March  1806 ; 
also,  Memoires  math^m.  et  phys.  de  I'lnstitut,  T.  vii.  p.  327 — 346 ;  and  my 
Memoire  sur  les  Refractions  astronomiques  dans  la  Zone  torride,  in  the  Recueil 
d'Observ.  astron.  Vol.  i.  p.  115  and  122. 

(^  p.  47. — 'Experiences  de  M.  Arago  *ur  la  i^uissauce  refractive  des 
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corps  diaphanes  (de  Fair  sec  et  de  Tair  humide)  par  le  deplaeement  del 
franges,  in  Moigno,  Repertoire  d'Optiqae  mod.  1847,  p.  159 — 162. 

('^  p.  48. — la  order  to  refute  the  statement  of  Aratos,  that  ia  tk 
Pleiades  there  are  only  six  stars  visible,  Hipparchos  sajs,  (Ad  Arati  Pkaa.  L 
p.  190,  in  Uranologio  Petavii)  "A  star  has  escaped  Aratos ;  for  if,  inackarud 
moonless  light,  one  gazes  steadfastly  and  keenly  opon  the  oonstellatioa  of  the 
Pleiades,  there  appear  in  it  seven  stars  :  it  seems,  therefore,  sorprinBg  Uui 
Attains,  in  his  description  of  the  Pleiades,  allows  the  oversight  of  Arttai  to 
pass  unnoticed,  as  if  his  statement  had  been  correct.*'      In  the  CatasUrimii 
(xxiii.)attributed  to  Eratosthenes,Merope  is  termed  "the  invisible,"  voro^crif. 
On  a  conjectured  connection  between  the  name  of  the  veiled  daughter  of 
Atlas  with  geographical  myths  in  the  Meropis  of  Theopompas,  as  well  as  witk 
the  great  Satnrnian  continent  of  Plutarch,  and  the  Atlantis,  see  my  Esamea. 
crit.  de  THist.   de  la  Greographie,   T.  i.   p.  170.      Compare  also  Iddcr, 
Untersnchungen  iiber  den  Ursprung  und  die  Bedeutnng  der  Stentaamea, 
1809,  S.  145  ;  and  in  reference  to  the  determination  of  astronomical  place, 
see  Madler,  Untersuch.  iiber  die  Fixstern-Systeme,  Th.  ii.  1848,  S.  36  lud 
166,  as  well  as  Baily,  in  the  Mem.  of  the  Astr.  Soc.  Vol.  xiii.  p.  33. 

Q^)  p.  48. — Ideler,  Sternnamen,  S.  19  and  25.  "  On  observe,"  says  Arago^ 
"qu'une  lumiere  forte  fait  disparaitre  une  lami^re  faible  plac^  daos  k 
voisinage.  Quelle  pent  en  ^tre  la  cause  ?  II  est  possible  physiologiqnement 
que  Tebranlement  communique  h.  la  ratine  par  la  lumiere  forte  s'^tend  aa 
del^  des  points  que  la  lumiere  forte  a  frapp^s,  et  que  cet  ebranlement  secondaire 
absorbe  et  neutralise  en  quelque  sorte  T^branlement  provenant  de  la  seoonde  et 
faible  lumiere.  Mais  sans  entrer  dans  ces  causes  physioiogiqaes,  il  y  a  une 
cause  dirccte  qu'on  pent  indiquer  pour  la  disparition  de  la  fuble  lomieie  - 
c'est  que  les  rayons  provenant  de  la  grande  n'ont  pas  seulemeut  form^  nne 
image  nette  sur  la  ratine,  mais  se  sont  disperses  aussi  siir  toutes  les  parties  de 
cet  organe  a  cause  des  imperfections  de  transparence  de  la  comee.  Let 
rayons  du  corps  plus  brillant,  a,  en  traversant  la  oom^  se  comportent  oomme 
en  traversant  un  corps  Idgerement  d^poli.  Une  partie  de  ces  rayons  r^firact^ 
reguli^reraent  forme  Timage  m^me  de  a,  I'autre  partie  dUpertee  ^aire  U 
totality  de  la  ratine.  C'est  done  sur  ce  fond  lumineux  que  se  projette  Timage 
de  I'objet  voisin  b.  Cette  demiere  image  doit  done  ou  disparaitre  ou  ^ 
aifaiblie.  De  jour  deux  causes  contribuent  ^  Taffiiiblissement  des  ^toiks : 
Tune  de  ces  causes,  c'est  Timage  distiacte  de  cette  portion  de  Tatmosphere, 
comprise  dans  la  direction  de  Tetoile  (de  la  portion  a^rienne  plac^  entre  Toeil 
et  Tetoile),  et  sur  laquelle  Timage  de  T^toile  vient  de  se  peindre ;  Taatre  cawie, 
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e'est  la  lamiere  diffuse  provenaut  de  la  dispersion  que  les  d^fauts  de  la 
corn^  impriment  aux  rayons  ^mauants  de  tons  les  points  de  ratmosphere 
visible.  De  nuit  les  couches  atmospheriqnes  iuterpos^es  cntre  Tocil  et  Tetoile 
▼ers  laquelle  on  vise,  n'agissent  pas;  chaque  etoile  dn  firmament  forme  une 
image  plus  nette,  mais  une  partie  de  leur  Inmiere  se  trouve  dispers^e  li  cause 
da  manque  de  diaphanit^  de  la  com^.  Le  m6me  raisonnemeut  s'applique  k 
Hne  devxieme,  troisieme  ....  millieme  Etoile.  La  ratine  se  trouve  done 
^dair^  «n  totality  par  une  lumiere  diffuse  proportionelle  an  nombre  de  ces 
^iies  et  a  lenr  ^lat.  On  con9oit  par  U  que  cette  somme  de  lumiere  diffuse 
affidUisse  ou  fasse  enti^rement  disparidtre  Timage  do  T^toile  vers  laquelle  on 
dirige  la  Tue"  (Arago,  Manuscript,  1847). 

(^  p.  50. — Arago,  in  the  Annnaire  for  1842,  p.  284,  and  in  the  (3omptc« 
pcndus,  T.  XV.  1842,  p.  750;  Sebum.  Astr.  Nachr.  No.  702.  Dr.  Galle 
writes  to  me — ""With  reference  to  your  coiyectures  on  the  visibility  of 
Japiter*s  satdlites,  I  have  made  some  estimations  of  their  magnitude,  and, 
contrary  to  my  own  expectation,  have  found  that  they  are  not  of  the  5th,  but 
only  of  the  7th,  or  at  the  utmost  of  the  Cth  magnitude.  It  was  only  the 
brightest  of  the  satellites,  the  third,  which  showed  itself  at  all  equal  to  a 
neigkbooring  star  of  the  6th  magnitude,  which  I  could  only  recognise  with 
the  naked  eye  at  some  little  distance  from  Jupiter :  so  that,  making  allowance 
for  the  brightness  of  Jupiter,  this  satellite  might,  perhaps,  be  estimated  at 
from  the  5th  to  the  6th  magnitude  if  it  stood  alone.  The  fourth  satellite  was 
at  its  greatest  elongation,  but  I  could  only  estimate  it  at  the  7th  maguitude. 
Tht  rays  of  Jupiter  would  not  prevent  this  satellite  from  being  visible  if  it 
were  itself  brighter.  After  comparisons  of  Aldebaran  with  the  neighbouring 
dearly-recognisable  double  star,  ;^  Tauri  (with  5|  minutes  of  distance),  I 
estimate,  for  an  ordinary  eye,  the  radiation  from  Jupiter  at  from  5  to  6 
minutes  at  least."  These  estimations  agree  with  those  of  Arago ;  the  latter 
even  believes  that  the  false  rays  may  amount  in  some  persons  to  double  the 
quantity.  The  mean  distances  of  the  four  satellites  from  the  centre  of  the 
planet  are,  as  is  well  known,  1'  51",  2'  57",  4'  42",  and  8'  16".  "  Si 
BOOS  snpposons  que  Timage  de  Jupiter,  dans  certains  ycui  exceptionnels, 
s'^panouisse  seiilemeut  par  des  rayons  d'une  ou  deux  minutes  d'amplitudc,  il 
ne  semblera  pas  impossible  que  les  satellites  soient  de  terns  en  tems  apci'9U8 
sans  avoir  besoin  de  recourir  a  Tartifice  de  rampliiication.  Pour  verifier 
cette  conjecture,  j'ai  fait  construire  une  petite  lunette  dans  laquelle  Tobjectif 
et  Tocnlaire  ont  "k  pen  pros  le  meme  foyer,  et  qui  des  lors  ne  grossU  point. 
Cette  lunette  ne  d^truit  pas  enticrement  les  rayons  divergents,  mais  elle  en 
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reduit  consld^rablenieiit  la  longueur.     Cela  a  snffi  pour  qu'on  satellite  oat* 
veuablement  ^cart^  de  la  planete  soit  devena  visible.     Le  fiut  a  ^  oonitat^ 
par  tous  les  jennes  astronomes  de  rObservatoire"  (Arago,  in  the  Compkes 
rendas,  T.  xv.  p.  751).     I  may  instance,  as  a  remarkable  example  of  the 
keen  sight  and  great   sensibility  of   the  retina  in   particular  indiTidmb 
who  sue  Jupiter*s  satellites  with  the  naked  eye,  a  deceased  master  tailor  of  the 
name  of  Schon,  in  Breslau,  respecting  whem  the  learned  and  active  Director 
of  the  Observatory  of  that  place,  Herr  von  Boguslawsl^,  has  givea  me 
interesting  communications.     "  After  being  assured  by  repeated  trials,  unoe 
1820,  that  in  clear  moonless  nights  Schon,  with  the  naked  eye,  could  assign 
correctly  the  position  of  Jupiter's  satellites,  even  of  more  than  one  at  a  time, 
•'on  speaking  to  him  of  the  rays  and  tails  of  light  which  seemed  to  prereat 
others  from  doing  the  same,  he  expressed  his  astonishment  at  it ;   and  fnmr 
the  animated    discussion   whicli  arose  between   him  and    the  bystanders 
respecting  the  difficulty  of  seeing  the  satellites  with  the  Baked  eye,  I  cooU 
not  but  infer  that  the  planets  and  the  fixed  stars  always  appeared  to  him  as 
luminous  points,  free  from  rays.   He  saw  the  third  satellite  best,  and  he  «oiiU 
also  see  the  first  at  its  widest  elongation ;   but  he  never  saw  the  second  or 
fourth.     When  the  atmosphere  was  not  quite  favourable,  the  satellitet 
appeared  to  him  ouly  as  faint  streaks  of  light.     Small  fixed  stars,  perhaps  on 
account  of  their  sciutillatiug  and  less  tranquil  light,  were  never  confounded  by 
him  with  the  satellites.     Some  yrars  before  his  death,  Schon  complained  to 
me  that  his  eyes,  as  they  grew  older,  could  no  longer  reach  Jupiter's  satellites, 
and  that  now,  even  when  the  atmosphere  was  quite  clear,  their  place  wu 
only  marked  to  him  by  faint  streaks."    The  above  account  agrees  perfectly 
with  what  has  long  been  known  respecting  the  relative  brightness  of  Jupiter's 
satellites ;  for,  in  individuals  whose  organs  have  so  high  a  degree  of  perfeetioa 
and  sensibility,   probably  brightness   and  the  quality   of  light  are  more 
infiuential  than  distance  from  the  central  planet.     Schon  never  saw  the  second 
and  fourth  satellites  :  the  second  is  the  smallest  of  all;  the  fourth  is,  indeed, 
next  to  the  third,  the  largest,  and  also  the  most  distant,  but  periodically  it  is  dark 
in  colour,  and  at  ordinary  times  it  has  the  faintest  light  of  any  of  the  satellites. 
Of  the  third  and  first,  which  have  been  seen  best  and  most  often  with  the 
unassisted  eye,  the  third  is  the  largest  of  all,  usually  the  brightest,  and  of  i 
very  decided  yellow  colour ;  but  the  first  sometimes  exceeds  in  the  intensity  of 
its  bright  yellow  light  the  brightness  of  the  third,  which  is  much  larger 
(Madler,  Astron.  1846,   S.  231—234  und  439).      How,  by  relations  of 
refraction  in  the  visual  organ  itself,  distant  luminous  points  may  appear  as 
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lines  or  streaks  of  light,  has  been  shown  by  Sturm  and  Airy  in  the  Coinptes 
rendus,  T.  ii.  p.  764—766. 

(M6)  p.  50. — "  L'image  Spanouie  d*ane  etoile  de  7eme  grandeur  u'ebranle 
pas  sofisamment  la  retine :  elle  n'y  fut  pas  nidtre  une  sensation  appreciable 
4e  lami^.     Si  rimage  n*etaU  point  epanouie  (par  des  rayons  divergents), 
la  sensation  aorait  plus  de  force  et  Tetoile  se  verrait.    La  premiere  classe 
d'etoiles  invisibles  k  Toeil  nn  ne  serait  pins  alors  la  7eme  :  pour  la  trouver, 
il  fiiadrait  pent4tre  descendre  alors  jnsqu'iL  la  12eme.   Considerons  an  gronpe 
d'^toiles  de  7^nie  grandenr  tellcment  rapprochees  les  uues  des  antres  que  les 
intervalles   ^happent    necessairement  h.  ToeQ.     Si  la  vision   avait  de  la 
metteiS, — si  Timage  de  chaqne  Etoile  etait  tres  petite  et  bien  termin^e,  Tobser- 
iratenr  aperee?rait  nn  champ  de  lumi^re  dont  chaqne  point  anrait  V eclat  con- 
eeiUrS  d'une  Etoile  de  7eme  grandeur.     Veclat  concentrS  d'unc  Etoile  de 
7^e  grandeur  suffit  a  la  vision  ^  Teeil  nn.    Le  groupe  serait  done  visible  k 
rceil  nn.     Dilatons  maiutenant  sur  la  ratine  I'image  de  chaque  etoile  du 
gronpe;  remplacons  chaque  point  de  Tancienne  image  gen^rale  par  un  petit 
eerde :  ces  cercles  empi^teront  les  nns  sur  les  autres,  et  les  divers  points  de 
la  ratine  se  tronveront  eclaires  par  de  la  lumiere  venant  sinmltanement  de 
plnsieurs  ^toQes.    Pour  pen  qu'on  y  refl^chisse,  il  rtstera  evident  qu'except^ 
wax  les  bords  de  Timage  geu^rale  Taire  lumineuse  ainsi  eclairee  a  prccis^mcut, 
a  cause  de  la  superposition  des  cercles,  la  m6me  intensile  que  dans  le  cas  o^ 
cbaqne  ^ile  n'^laire  qu'un  seul  point  an  fond  de  Tceil ;  mais  si  chacnn  de  ces 
points  i!e9oit  nne  lumiere  egale  en  intensity  a  la  lumiere  concentree  d'une 
Etoile  de  7e  grandeur,  ilest  clair  que  Tcpauouissemcut  des  images  individuclles 
des  ^toiles  contigiies  ne  doit  pas  empecher  la  visibilite  de  Teusemble.      Les 
instruments  telescopiques  out,  quoiqu'a  un  beaucoup  moindre  de^re,  le  d^faut 
de  donner  aussi  aux  etoiles  un  dmrnUre  sensible  et  faclice.     Avec  ces  iustru- 
ments,  comme  a  Tceil  nu,  on  doit  done  apercevoir  des  groupcs,  composes 
d'^toiles  inf6rieures  en  intensity  a  celles  que  les  m^mcs  lunettes  on  telescopes 
feraient  apercevoir  isoMment"   (Arago,   in  the  Annuaire  du  Bureau  des 
Longitudes  pour  Tan  1842,  p.  284). 

(W)  p.  50.— Sir  William  Herschel,  in  the  Phil.  Trans,  for  1803,  Vol.  xclii. 
p.  225  ;  and  for  1805,  Vol.  xcv.  p.  184.  Compare  Arago,  in  the  Annuaire 
pour  1842,  p.  860—374. 

(^®)  p.  53. — Humboldt,  Relation  hist,  du  Voyage  aux  Regions  equinox. 
T.  i.  p.  92—97 ;  and  Bouguer,  Traite  d'Optique,  p.  360  and  365.  Compare 
also  Captain  Beechey,  in  the  Manual  for  Scientific  Enquiry  for  the  use  of  the 
Royal  Navy,  1849,  p.  71. 
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Q^)  p.  53. — The  passage  of  Aristotle  referred  to  by  Baffon  is  ia  a  Ixnk 
where  cue  would  least  have  looked  for  it — in  the  De  generat.  animsl.  y.  1, 
p.  780,  Bckker.  Closelj  translated,  it  is  as  follows  : — "  Keen  sight  means, 
oil  one  side,  the  power  of  seeing  far ;  and,  on  the  other,  an  exact  recognition  of 
the  differences  between  the  things  seen.  Both  are  not  the  case  at  the  same 
time  in  the  same  person ;  for  a  man  holding  his  hand  above  his  ejes,  or 
looking  through  a  tabe,  is  not  more  or  less  able  to  jndge  of  the  diffisrvsee 
'^tween  colours,  but  he  will  be  able  to  see  objects  at  a  greater  distaoee; 
llius  also  it  happens  that  those  who  are  in  vanlts  or  cisterns  sometimes  see 
stars  from  them.'*  Opvynara^  and  especially  ^piara,  are  subterranean  eistenu 
or  well-chambers,  which,  in  Oreece,  are  so  constructed  (as  an  eye-witnesi, 
Professor  Franz,  remarks)  as  to  communicate  with  the  air  and  light  hj  a 
perpendicular  shafk,  widening  below  like  the  neck  of  a  bottle.  Pliny  (lib.  il 
cap.  14)  says — "Altitndo  cogit  minores  videri  stellas;  affizas  ccdo  Solis 
fu)gor  interdiu  non  cemi,  quum  acque  ac  noctu  Inceant :  idque  manifestoffl 
fiat  defectu  Solis  et  praaitu  puteis.**  Cleomedes  (Cycl.  Theor.  p.  83,  Bake) 
docs  not  speak  of  stars  being  seen  in  the  day-time,  but  he  states  *'that  the 
Sun,  seen  from  deep  cisterns,  appears  larger  by  reason  of  the  darkness  andtbe 
damp  air." 

C'®)  p.  54. — *'  We  have  ourselves  heard  it  stated  by  a  celebrated  opticiaa, 
that  the  earliest  circumstance  which  drew  his  attention  to  astronomy,  was 
the  regular  appearance,  at  a  certain  liour,  for  several  successive  days,  of  i 
considerable  star  through  the  shaft  of  a  chimney"  (John  Herschel,  Oatlines 
of  Astronomy,  §  61).  The  chimney-sweepers  from  whom  I  have  inquired, 
say  pretty  uniformly,  **  that  they  never  see  stars  in  the  day-time ;  but  thst 
at  night  the  sky  seen  through  tall  chimneys  looks  quite  near,  and  the  stars 
seem  larger."  I  forbear  from  any  consideration  of  the  connection  between 
these  two  illusions. 

("^)  p.  54. — Saussure,  Voyage  dans  les  Alpes  (Nenchatel,  1779, 4to.)  T.if. 
§  2007,  p.  199. 

("2)  p.  55, — Humboldt,  Fssai  sur  la  Geographic  des  Plautes,  p.  lOS. 
Compare  also  my  Voy.  aux  Regions  equinox.  T.  i.  p.  143  and  248. 

(^'3)  p.  56. — Humboldt,  in  Baron  Zach's  Monatlieher  Correspondenz  mr 
Erd-  und  Himmcls-kunde,  Bd.  i.  1800,  S.  396 ;  and  in  Voy.  aux  R%i<«s 
equin.  T.  i.  p.  125.  **  On  croyoit  voir  de  petites  fusees  lancees  dausTair.  Des 
points  lumineux,  elev^s  de  7  a  8  degrds,  paroissoicnt  d'abord  se  mouvoir  dans 
le  sens  vertical,  mais  puis  se  convertir  en  une  veritable  oscillation  horizontile. 
Ces  points  lumineux  ^toient  des  images  de  plusieurs  ^toiles  agrandies  (ei 
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•pparence)  par  les  vopcnrs  et  revenaut  au  m^me  point  d'ou  elles  etoient 
parties." 

("*)  p.  56. — Prinz  Adnlbert  von  Preussen,  Aus  meinem  Tagebuche,  ]  847, 
S.  213.  May  the  phsenomenon  described  by  me  be  connected  with  that 
which  Carlini  observed  at  the  passage  of  the  Pole  star,  and  its  oscillations  of 
10 — 12  seconds,  with  the  strongly-magnifying  meridian  telescope  at  Milan  ? 
(See  Zach,  Correspondance  astronomiqne  et  g^ogr.  Vol.  ii.  1819,  p.  84). 
BrandcB  (Gehler's  umgearb.  phys.  "Worterb.  Bd.  iv.  S.  549)  is  disposed  to 
refer  them  to  mirage.  The  star-like  light  of  the  heliotrope  has  also  been  seen 
by  an  excellent  and  practised  observer,  Colonel  Bacyer,  often  uetoating  hori- 
lontally  to  and  fro. 

(*^*)  p.  60. — The  distinguished  merit  as  an  artist  of  Constantine  Huygens, 
who  was  secretary  to  King  William  III.,  has  only  recently  been  placed  in  its 
tme  light  by  Uptenbrock,  in  the  Oratio  de  fratribus  Christiano  atque  Con- 
•tantino  Hngenio,  artis  dioptricse  cnltoribus,  1838 ;  and  by  the  learned 
Director  of  the  Ley  den  Observatory,  Professor  Kaiser,  in  Schnmpcher's  Astr. 
Nachr.  No.  592.  S.  246. 

("•)  p.  60. — Arago,  in  the  Annnaire  for  1844,  p.  381. 
(**')  p.  60. — "Nons  avops  plac^  ces  grands  verves,"  says  Dominique 
Cassini,  "  tant6t  sur  nn  grand  m&t,  tant6t  sur  la  tour  de  6ois  venue  de  V.  ^Hy  ; 
enfia  nons  les  avons  mis  dans  nn  tuyan  mont^  snr  un  support  en  forme 
d'^chelle  a  trois  faces,  ce  qui  a  eu  (dans  la  d^ouverte  des  satellites  de  Saturne) 
\t  succ^s  que  nous  en  avions  espcr^."  (Delambre,  Hist,  de  TAstr.  modeme, 
T.  ii.  p.  785.)  These  excessive  lengths  of  optical  instruments  remind  us  of 
the  Arabian  quadrants  of  about  190  feet  radius,  in  the  divided  limb  of  which  the 
image  of  the  sun  fell,  as  in  a  gnomon,  through  a  small  round  aperture.  There 
was  such  a  quadrant  at  Samarcand,  probably  imitated  from  an  earlier-con- 
rtructed  sextant  of  Al-Chokandi,  about  60  feet  high.  Compare  SediUot, 
I^l^om^nes  des  Tables  d'Oloug  Beigh,  1847,  p.  Ivii.  and  cxxix. 

(»"»)  p.  60.— Delnmbre,  Hist,  de  I'Astr.  mod.  T.  ii.  p.  594.     The  Capuchin 
Monk,  Schyrle  von  Rheita,  a  mystic,  but  highly  experienced  in  optical  matters, 
had  previously  spoken,  in  his  Ocalus  Enoch  et  Elin  (Antv.  1645),  of  the 
expected  possibility  of  soon  obtaining  magnifying  powers  of  4000  for  tele- 
scopes, in  order  to  give  accurate  maps  of  the  Moon.     Compare  Kosmos,  Bd. 
ii.  S.  611,  Note  48  (English  edition,  p.  cxvi.  Note  488). 
("»)  p.  61.— Edinb.  Encyclopaidia,  Vol.  xi.  p.  479. 
(»»;  p.  61.— Stmve,  Etudes  d'Astr.  stellaire,  1847,  Note  59,  p.  24.     1 
haTe  preserved  in  the  text  the  denomiuations  of  Her8chel*s  reflectors  of  40, 
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20,  and  7  English  feet  (thongh  I  nse  French  measores  everywhere  else),  not 
only  as  more  convenient,  but  also  because  the  great  labours  of  the  father  sai 
son  in  England  and  at  Feldhansen,  at  the  Cape  of  Oood  Hope,  have  gi?eD  to 
the  names  of  these  instruments  an  historical  interest.  [The  French  measora 
are  converted  into  English  throughout  this  translatioii ;  retaining,  howerer, 
the  original  measures  in  addition  wherever  precision  seems  important^  and 
there  could  be  room  for  doubt.  But  in  the  cases  of  the  focal  lengtli  bf 
which  the  telescopes  severally  referred  to  in  pp.  59  and  60  of  the  text  in 
designated,  the  lengths  specified  by  M.  de  Humboldt  are  left  unchaoged,  for 
reasons  similar  to  those  adduced  by  himself  in  the  case  of  the  HerBcbeUii 
telescopes. — Ed.] 

(}^)  p.  62.— Schumacher's  Aistr.  Nachr.,  No.  371  and  611.  Csockolx 
and  Lerebourshave  also  sent  out  object-glasses  of  more  than  12|  (12'6l  £of) 
Paris  inches,  and  23^  (24|  Eng.)  feet  focal  length. 

(^')  p.  63. — Struve,  Stellarum  dupliciumet  multiplicium  Mensore  miao* 
metrics,  p.  2—41. 

(^  p.  64. — Mr.  Airy  has  recently  given  a  comparative  description  of  lfc» 
methods  of  construction  of  these  telescopes, — the  casting  of  the  mirroniai 
mixing  of  the  metal,  the  polishing  and  the  mounting  (Abstr.  of  the  Astr.Soe. 
Vol.  ix.  No.  5,  March  1849).   Of  the  effect  of  the  6foot  metallic  mirror  of  tki 
Earl  of  Rosse,  it  is  there  said  (p.  120) : — "  The  Astronomer-Royal  (Mr.  Ahj) 
alluded  to  the  impression  made  by  the  enormous  light  of  the  telescope :  pai^ 
by  the  modifications  produced  in  the  appearances  of  nebulee  already  figvni  | 
partly  by  the  great  number  of  stars  seen  even  at  a  distance  from  the  W^\ 
Way,  and  partly  from  the  prodigious  brilliancy  of  Saturn,     The  account  p«> 
by  another  astronomer  of  the  appearance  of  JujAter  was,  that  it  resembled  >  I 
coach-lamp  in  the  telescope ;  and  this  well  expresses  the  blaze  of  light  wUek  j 
is  seen  in  the  instrument.'*     Compare  also  Sir  John  Hersehel,  OQtliMi''{ 
Astronomy,  §  870 : — "The  sublimity  of  the  spectacle  afforded  by  the  i 
ficent  reflecting  telescope  constructed  by  Lord  Rosse  of  someofthelii^j 
globular  and  other  clusters,  is  declared  by  all  who  have  witnessed  it  tobeflAj 
as  no  words  can  express.    This  telescope  has  resolved  or  rendered  resolf 
multitudes  of  nebulse  which  had  resisted  all  inferior  powers." 

(1S4)  p.  64.— Delambre,  Hist,  de  I'Astr.  moderne,  T.  ii.  p.  255. 

a^)  p.  65. — Struve,  Mens,  microm.  p.  xliv. 

P'O  p.  65.— Schumacher's  Jahrbuch  fur  1839.  S.  100. 

(}^)  p.  65. — "X«  lumiere  atmospheriqne  diffuse  nc  pent  s*expliqiiff|*» 
reflet  des  rayons  solaircs  sur  la  surface  de  separation  des  coaches  deditf^^^  t 
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JeniitAi  dont  on  sappose  ratmosphere  compos^e.  En  effet  snpposons  le 
Soleil  plac^  k  Thoriioii,  les  sarfaces  de  separation  dans  la  direction  da  zenith 
aeraient  horisontales ;  par  cons^nent  la  reflexion  serait  horizontals  anssi,  ct 
&01IB  Be  yerrions  aacnne  Inmi^  an  zenith.  Dans  la  supposition  des  conches, 
•neaa  rayon  ne  nons  arriTerait  par  voie  d'ane  premiere  reflexion.  Ce  ne 
aenient  que  lea  reflexions  multiples  qui  ponrraient  agir.  Done  pour  expliquer 
U  hmOre  diffuie^  11  faat  se  fi^nirer  Tatmosphere  compos^e  de  molecules 
(^li&iqaea,  par  example)  dont  chacune  donne  nne  image  da  soleil  k  pen  prds 
Qomme  les  boules  de  verres  qne  nous  pla^ons  dans  nos  jardins.  L*air  pur  est 
bleu,  perce  que  d'apr^s  Newton  les  molecules  de  Tair  ont  V6paiMeur  qui  con- 
▼ient  k  a  r^exion  des  rayons  blens.  II  est  done  naturd  que  les  petites 
images  du  soleil  que  de  tons  cdt^s  r^flechissent  les  molecules  sph^riques  de 
Ttir,  ei  qui  sont  la  lumi^re  diffuse,  aient  une  teinte  blene ;  mais  ce  bleu  n'est 
pas  du  bleu  pur,  e'est  uu  blane  dans  leqnel  le  bleu  predomine.  Lorsque  le 
cid  n*est  pas  dans  toute  sa  puret^,  et  que  Tair  est  mMe  de  vapenrs  visibles, 
la  lami^re  diffuse  re^oit  beaucoup  de  blanc.  Comme  la  lune  est  jaune,  le  bleu 
de  Fair  pendant  la  nuit  est  un  peu  verd&tre,  c'est-^dire  m^lang^  de  bleu  et  de 
jau&e."     (Arago,  Manuscript,  1847.) 

C^  p.  65. — ^D'un  des  Effets  des  Lunettes  sur  la  visibility  des  ^toiles 
(Lettre  de  M.  Arago  k  M.  de  Humboldt,  en  D^c.  1847) :— "  L'ceil  n'est  dou^ 
^oe  d'une  sensibility  circonscrite,  bomee.  Quand  la  lumi^re  qui  firappe  la 
ratine  n'a  pas  asses  d'intensite,  Toeil  ne  sent  rien.  C'est  par  un  manque 
d'intensite  que  beaucoup  d'Stoilett  m^nie  dans  les  units  les  plus  profondes, 
&happent  k  nos  obserrations.  Les  lunettes  ont  pour  effet,  quant  aux  Stoiles 
d*angmenter  I'intensite  de  I'image.  Le  faisceau  cylindrique  de  rayons  paral- 
itica venant  d'une  ^toile,  qui  s'appuie  sur  la  surface  de  la  lentille  oljective,  et 
^pk  a  oette  surface  circulaire  pour  base,  se  trouve  considerablement  resserr^  k 
la  Bortie  de  la  lentille  oculaire.  Le  diametre  du  premier  cylindre  est  an  dia- 
metre  du  second  oomme  la  distance  focale  de  Tobjectif  est  k  la  distance  focale 
de  Toeulaire,  on  bien  comme  le  diametre  de  Tobjectif  est  an  diametre  de  la 
portion  d^oculaire  qu'oocupe  le  faisceau  Emergent.  Les  inteusites  de  lumi^re 
daoa  lea  deux  cylindres  en  question  (dans  les  deux  cylindres  incident  et 
Emergent)  doivent  ^tre  entr*elles  comme  les  ^tendues  superflcielles  des  bases. 
Ainai  la  lumiere  ^mergente  sera  plus  condensee,  plus  intense  que  la  lumi^re 
naturelle  tombant  sur  Tobjectlf,  dans  le  rapport  de  la  surface  de  cet  objectif  & 
la  anrface  circulaire  de  la  base  du  faisceau  Emergent.  Le  faisceau  emergent^ 
pumd  la  lunette  grouit,  ^tant  plus  ^troit  que  le  faisceau  cylindrique  qui 
tonibe  aor  rolgeciif,  11  est  Evident  que  la  pupille,  quelle  que  soit  son  ou?erture, 

YOL.  m,  b 
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recueillen  plus  de  rayons  par  rinterm^aire  de  la  lanette  que  sans  die.    Li 
lunette  angmentera  done  toigonrs  Tintensit^  de  la  Inmiere  det  ^oiUs. 

"  Le  cas  /^  plus  favorahle^  qoant  k  Teffet  des  lunettes,  est  ^demment 
cclui  oik  Toeil  revolt  la  totality  da  faiscean  Emergent,  le  cas  ou  ce  fakeean  a 
moins  de  diam^tre  que  la  pupille.  Alors  ioute  la  lumihre  que  Tol^jectif  em- 
brasse,  concoort,  par  Tentremise  da  telescope,  li  la  formation  de  Timage.  A 
Tccil  nn,  an  contraire,  une  portimi  seale  de  cette  m^nie  lumiere  est  mise  & 
profit :  c'est  la  petite  portion  que  la  surface  de  la  ptfpille  d^ape  dans  le 
faisceau  incident  natnrel.  LMnteosit^  de  Fimage  t^lescopiqae  d'nne  4tinle  est 
done  a  Tintensit^  de  Timage  a  Tceil  nu,  eomme  la  turf  ace  de  Vohjectif  at  I 
celle  de  la  pvpille. 

"  Ce  qui  precede  est  relatif  a  la  visibility  d'nn  seal  point — d'nne  seule  kUAf. 
Venons  a  Tobserration  d*un  objet  ayant  des  dimensions  angulaires  sensiblea,— 
a  Tobservation  d'une  planHe.  Dans  les  cas  les  pins  favorables,  c'est4-dire 
lorsque  la  pupille  re9oit  la  totaliie  da  pincean  Emergent,  I'intensit^  de  rimage 
de  chaque  point  de  la  plan^te  sc  calculera  par  la  proportion  que  nous  venoDS 
de  donner.  La  quantity  totale  de  lumihre  concourant  ii  former  I'ensemble  de 
I'image  a  Toeil  nu,  sera  done  aussi  ^  la  quantity  totale  de  lumihre  qui  farm 
Timage  de  la  planete,  a  Taide  d'une  lunette,  comme  la  snrface  de  la  pupille 
est  a  la  surface  de  Tobjectif.  Les  intensit^s  comparatives,  non  plus  de  points 
isoles,  mais  des  deux  images  d'une  planete,  qui  se  formentsur  la  ratine  ^Tcdl 
nu,  et  par  Tinterrnddiare  d'une  lunette,  doivent  ^videmment  dmrnmr 
proportionnellemeni  aux  etevdues  9uj)erficielles  de  ces  deux  images.  Les 
dimensions  lin/aires  des  deux  images  sont  entr*elles  comme  le  diamelre  de 
I'objectif  est  an  diametre  du  faisceau  Emergent.  Le  nombre  de  fois  que  la 
surface  de  I'image  amplifi^e  surpasse  la  surface  de  Timage  Ik  Toeil  nn,  s'ob- 
tiendra  done  en  divisant  le  carr^  du  diametre  de  Vol^ectif  par  le  carre  da 
diametre  du  faisceau  Emergent  ^  ou  bien  la  surface  de  Vohjectif  par  la  surface 
de  la  base  circulaire  du  faisceau  Emergent, 

"Nous  avons  ddji  obtenn  le  rapport  des  quantit^s  totales  de  lumihe  qui 
engendrent  les  deux  images  d^une  planHe,  eu  divisant  la  surface  de  Folrjectif 
par  la  surface  de  la  pupille.  Ce  nombre  est  plus  petit  que  le  quotient  anqnd 
on  arrive  en  divisant  la  surface  de  Vohjectif  par  la  surface  du  faisceau  4mir- 
gent.  II  en  r^sulte,  qnant  aux  planetes,  qu'une  lunette  fait  moins  gagner  eo 
intensite  de  lumiere  qu'elle  ne  fait  perdre  en  agrandissant  la  surface  des 
images  sur  la  ratine :  I'intensit^  de  ces  images  doit  done  aller  continnelleiBeDt 
en  s'affaiblissant  ^  mesure  que  le  pouvoir  amplificatif  de  la  lunette  oa  da  t^ 
scope  s'accroit. 


NOT£S.  XXVll 

"L*atmo8pbere  pent  fetre  consid^r^e  comme  une  planete  a  dimeusions  in- 
ddfiuiefl.  La  portion  qu'on  en  verra  dans  uue  lunette  subira  done  aussi  la  hi 
d'aflkiblisseinent  que  nous  venons  d'indiquer.  Le  rapport  entre  Tiutensitc  de 
Ia  lomi^re  d*ane  planHe  et  le  champ  de  lumiere  atmosphiSriqQe  ik  traven 
leqoel  on  la  verra,  sera  le  m^me  a  rceil  nu  et  dans  les  lunettes  do  tous  les 
groeBiMements,  de  tontes  les  dimensions.  Les  lunettes,  sous  le  rapport  dt 
Pmiensii^,  ne  favoriscnt  done  pas  la  visibility  des  pianetes. 

"  II  n'en  est  point  ainsi  des  etoUet,  L'intensit^  de  Timage  d'nue  ^toile  est 
plus  forte  avec  une  lunette  qu'^  Tceil  nu ;  au  contraire,  le  champ  do  la  vision, 
miifonn^ment  ^ckir^  dans  les  deux  cas  par  la  lumiere  atmosphcriquc,  est  plus 
dair  a  Tceil  nu  que  dans  la  lunette.  11  y  a  done  deux  raisons,  sans  sortir  des 
eonaid^rations  d'intensit^,  pour  que  dans  une  lunette  Timage  de  Tetoile  pr4- 
domine  sur  celle  de  Tatmosphere  notablement  plus  qu'^  I'ccil  nu. 

"Cette  predominence  doit  aller  graduellement  en  augmentant  avec  le 
grossiasemeut.  En  e£fct,  abstraction  faite  do  certaine  augmentation  du  dia- 
mitre  de  T^toile,  cons^uence  de  divers  effets  de  diffraction  ou  dHnterf^rences  ; 
abstraction  faite  aussi  d'une  plus  forte  reflexion  que  la  lumiere  subit  sur  les 
•arfaces  plus  obliques  des  oculaires  de  tres  courts  foyci's,  V intensity  de  la 
.Immiire  de  V^toUe  est  corutante  taut  que  Touverture  de  Tobjcctif  ne  varie  paa. 
Comme  on  Ta  vu,  la  clart4  da  champ  de  la  lunette,  au  contraire,  diminue  sans 
eeue  k  mesure  que  le  pouvoir  amplificatif  s'accroit.  Done,  toutcs  autrcs  cir« 
Constances  restant  ^gales,  nne  ^toile  sera  d'autaut  plus  visible — sa  predomi* 
nence  sur  la  lumiere  du  champ  du  telescope  sera  d'autant  plus  tranch^o — qu'on 
fen  usage  d'an  grossissement  plus  fort."  (Arago,  Manuscript,  IS-kl.)  1  add 
from  the  Annuaire  du  Bureau  des  Long,  pour  184G  (Notices  scicnt.  par  >L 
Amgo),  p.  381 : — **  L*exp^rience  a  montr^  que  pour  le  commun  des  hommes, 
deux  espaces  ^lair^s  et  contigus  ne  so  distinguent  pas  Tun  do  Tantro ;  k 
moins  que  leurs  intensity  comparatives  ne  pr^sentent,  au  minimum,  une 
difference  de  ^.  Quand  une  lunette  est  toum^e  vers  le  firmament,  son 
diamp  semblo  uniform^ment  ^dair^ :  c'est  qu'alors  il  existe,  dans  un  plan 
ptasant  par  le  foyer  et  perpendiculaire  a  Taxe  de  Tobjectif,  une  imaffe  ind^nie 
de  la  region  atmosph^rique  vers  laquelle  la  lunette  est  dirige^.  Supposoita 
qa'un  astre,  c'cst-ludire  un  objet  situe  bien  au  del^  de  Tatmosph^re,  se  trouvo 
dana  la  direction  de  la  lunette :  sou  image  ne  sera  visible  qu'autant  qu^elle 
ingmentcra  de  ^  au  moins,  Tintensit^  de  la  portion  de  Timagc  focale  indi" 
inie  de  Tatmosph^re  sur  laquelle  sa  propre  image  Umii^e  ira  se  placer.  Sans 
cda,  le  champ  visuel  coutinuera  Kparaitre  partout  de  la  memo  intensitd." 

(^  p.  67. — The  earliest  pablication  of  Arago's  explanation  of  the  phseno- 
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menon  of  scintillatioa  was  in  the  Appendix  to  the  4th  book  of  myVoyBgeani 
Regions  ^uinoxiales,  T.  i.  p.  623.  I  have  great  pleasure  in  being  enabled  to 
enrich  the  section  upon  natural  and  telescopic  vision  with  the  foUowing 
extracts  from  the  MSS.  of  mj  friend,  which,  for  reasons  already  given,  I 
print  in  the  original : — Des  Causes  de  la  Scintillation  des  Etoiles  :  "  Ce  qa'il 
y  a  de  pins  remarquable  dans  le  ph^nomene  de  la  scintillation,  c'est  le  diange- 
meut  de  conleur.  Ce  changement  est  beaucoup  plus  frequent  que  robservatioQ 
ordinaire  ne  I'indique.  En  effet,  en  agitant  la  lunette  on  transforme  Timagie 
dans  nne  ligne  ou  un  cercle,  et  tons  les  points  de  cette  ligne  ou  de  ce  eerele 
paraissent  de  conleurs  difl^rentes.  C'est  la  r^nltante  de  la  superposition  de 
toutes  ces  images  que  Ton  voit  lorsqu'on  laisse  la  lunette  immobile.  Les 
rayons  qui  se  reunissent  au  foyer  d'une  lentiile,  vibrent  d'aceord  ou  en  d^ 
accord,  s'ajoutent  on  se  d^trnisent,  suivant  que  les  conches  qu'ils  out  travers^ 
ont  telle  ou  telle  r^ringence.  L'ensemble  des  rayons  rouges  pent  se  d^troire 
seid  si  ceux  de  droite  et  de  gauche,  et  ceux  de  haut  et  de  bas,  ont  travers^  ds 
milieux  in^galement  r^fringents.  Nous  avons  dit  seuly  parce  que  la  differenee 
de  r^fringence  qui  correspond  li  la  destruction  du  rayon  rouge  n'est  pas  la  mdme 
que  celle  qui  amene  la  destruction  du  rayon  vert,  et  r^ciproqnement.  Main- 
tenant  si  des  rayons  rouges  sont  demits,  ce  qui  reste  sera  le  blanc  moins  le 
rouge,  c'est-^-dire  du  vert ;  si  le  vert,  an  contraire,  est  detruit  par  interference^ 
Timage  sera  du  blanc  moins  le  vert,  c'est-a-dire  du  rouge.  Pour  expUqoer 
pourqaoi  les  planetes  a  grand  diametre  ne  scintillent  pas,  ou  tr^s  peu,  il  fant 
se  rappeller  que  le  disque  pent  etre  consid^r^  comnie  nne  aggr^ation  d'etoiks 
ou  de  petits  points  qui  scintillent  isol^ment ;  mais  les  images  de  diff(^rentes 
oouleurs  que  chacun  de  ces  points  pris  isol^roent  donnerait,  empi^tantlei 
unes  sur  les  autres,  formeraient  du  blanc.  Lorsqu'on  place  un  diaphiagme 
ou  un  bouchon  perc^  d'un  trou  sur  Tobjectif  d'une  lunette,  les  Etoiles  acqoi- 
erent  un  disque  entour^  d'une  s^rie  d'anneanx  lumineux.  Si  Ton  enfonos 
I'oculaire,  le  disque  de  I'etoile  augmente  de  diametre,  et  il  se  produit  dans  sob 
centre  un  trou  obscur ;  si  Ton  enfonce  davantage,  un  point  lumineux  se  sab- 
stitue  au  point  noir :  un  nouvel  enfoncement  donue  naissance  k  un  oentn 
coir,  etc.  Prenons  la  lunette  lorsque  le  centre  de  Timage  est  noir,  et  vison 
a  une  ^toile  qui  ne  scintillo  pas :  le  centre  restera  noir,  comme  il  I'^tait 
auparavant.  Si,  au  contraire,  on  dirige  la  lunette  k  une  ^toile  qui  8cintille,on 
verra  le  centre  de  Timage  lumineux  et  obscur  par  intermittence.  Bans  h 
position  ou  le  centre  de  I'image  est  occup^  par  un  point  lumineux,  on  verra  oe 
point  dispandtre  et  renattre  successivement.  Cette  disparition  ou  r^ipparitioD 
du  point  central  est  la  preuve  directe  de  Vintetf^renee  variable  des  rayona. 


KOTES.  XXIX 

Foor  bien  coneevoir  Tabsence  de  lamiere  au  centre  de  ces  images  dilates,  il 
faiit  86  rappeler  qne  les  rayons  r^goli^remcnt  r^fract^  par  Tobjectif  ne  se 
c^onissent  et  ne  pesvent  par  feons^quent  intetffrer  qa*aa  foyer :  par  cons^ 
^oent  les  images  dilat^es  que  ees  rayons  peavent  produire  resteraieut  tom'oars 
pleines  (8.in8  troa).  Si  dans  une  certaine  position  de  roculaire  an  trou  se 
pr^nte  aa  centre  de  Timage,  c'^t  qne  les  rayons  i^guli^rement  r^fract^ 
imUrfhreiU  avec  des  rayons  diffract^  sor  les  bords  da  diaphragme  eirculaire. 
liO  pb^nom^ne  n'est  pas  constant,  parce  que  les  rayons  qui  interferent  dans 
nn  certain  moment  n'interf^nt  pas  un  instant  apr^s,  lorsqa'ils  ont  traverse 
dei  ooBcbes  atmosph^riques  dont  le  pouvoir  refringent  a  varie.  On  trouve 
dans  cette  experience  la  preuve  manifesto  da  rdle  qae  joae  dans  le  pbeuomene 
de  la  seiatillation  i'im^gale  refirangibilite  des  coucbes  atmospberiques  traver- 
•te  par  les  rayons  dont  le  faisceaa  est  tres  ^troit. 

*"  n  results  de  ces  considerations  qae  Texplication  des  scintillations  ne  peut 
^tre  rattacb^  qu'aa  ph^nom^nes  des  itUerfSrences  inmineiues.  Les  rayons 
dtt  ^Ues,  apr^s  avoir  traverse  ane  atmosphere  oh.  il  existe  des  couches 
iBegalement  chaudes,  in^gaiement  denses,  inegalement  bumides,  vont  se 
rranir  an  foyer  d'une  lentille,  pour  y  former  des  images  d'intensite  et  de  con- 
leors  perp^tuellement  changeantes,  c'est-li-dire  des  images  telles  que  la  scin- 
tillation les  pr^sente.  II  y  a  anssi  scintillation  hors  du  foyer  des  lunettes. 
Les  explications  proposes  par  Gralilei,  Scaliger,  Kepler,  Descartes,  Hooke, 
Haygens,  Newton  et  John  Micbell,  qae  j'ai  examinees  dans  an  mf^moire 
lir^sente  k  Tlnstitut  en  1840  (Comptes  rendus,  T.  x.  p.  83),  sont  inadmissibles. 
Thomas  Tonng,  aoquel  nous  devons  les  premieres  lois  des  interfi^rences,  a  cru 
inexplicable  le  ph^nom^ne  de  la  scintillation.  La  fausset^  de  Tancienne 
explication  par  des  vapours  qui  voltigent  et  d^placent,  est  deja  prouv^e  par  la 
ciroonsiance  que  nous  voyons  la  scintillation  des  yenx,  ce  qui  supposerait  an 
displacement  d'nne  minute.  Les  ondolations  dn  bord  du  Soleil  sont  de  4/'  k 
5'^,  et  peat4tre  des  pieces  qui  manquent,  done  encore  effet  de  Tinterference 
des  rayons."    (Extracted  from  MSS.  of  Arago,  1847.) 

("<0  P-  68.— Arago,  in  the  Anniiaire  for  1831,  p.  168. 

(»»)  p.  69.— Aristot.  de  Coelo,  ii,  8,  p.  290,  Bekker. 

<>^  p.  69.— Kosmos,  Bd.  ii.  S.  863  (English  edition,  p.  822). 

0*)  p.  69. — Causse  Scintillatiouis,  in  Kepler  de  Stella  nova  in  pedc  Ser- 
pentarii,  1606,  cap.  18,  p.  92—97. 

(*•*)  p.  70. — Lettre  de  M.  Garcin,  Dr.  en  Med.,  k  M.  de  Eeaumur,  in  the 
Hist,  de  rAcad^mie  Royale  des  Sciences,  Anu^e  1743,  p.  28—32. 

("*)  P*  71. — See  Voyage  aux  Regions  ^quin.  T.  i.  p.  511  and  512,  T.  ii. 
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p.  202 — 208;  also  my  Ansichten  der  Natur,  8te  Ausg.  Bd.  i.  S.  20 
and  225.  "£d  Arabie,"  says  Garcio,  '*de  m^me  qu'^  Bender-Abassi, 
port  famcux  du  Golfe  Persique,  Tair  eat  parfaitement  serein  presque  toate 
I'aniiuc.  Le  printemps,  1'^  et  rautoinmc  se  passent,  sans  qn'on  j  vole 
la  moindre  ros^.  Dans  ces  mcmes  temps  tout  le  monde  cooehe  dehors 
sur  le  haut  des  maisons.  Quand  on  est  ainsi  coach^,  il  n'est  pas  possible 
d\*x primer  le  plaisir  qn'on  prend  k  contcmpler  la  beaute  da  ciel,  Tedat 
de8  etoiles.  C'est  line  lamiere  pare,  ferme  et  4clataate,  sans  ^tincille- 
nienf.  Ce  n'est  qa*au  milieu  de  Thiver  que  la  scintillation,  qooique 
tr<^!t- foible,  8*y  fait  apercevoir."  (Grarcin,  in  Hist,  de  TAcad.  des  Scienees, 
1743,  p.  30.) 

C^)  p-  72. — Speaking  of  tbe  illusions  occasioned  by  the  different  veloeities 
of  sight  and  sound.  Bacon  says — "  Atque  hoc  cum  similibns  nobis  quandoqoe 
dubitationem  peperit  plane  monstrosam;  videlicet,  ntrum  ooeli  sereni  et 
stellati  facies  ad  idem  tempus  cernatur,  quando  vere  existit,  an  potios  aliqaanto 
post ;  et  utrum  non  sit  (qiiatenus  ad  visum  oodAstium)  non  minus  tempas 
veniin  et  tempus  visum,  quam  locus  verus  et  locns  visus,  qui  noiatorab 
astronomis  in  parallaxibus.  Adeo  incredibile  nobis  videbatur,  species  sive 
radios  corporum  coelestium,  per  t-im  immensa  spatia  milliarium,  snbitodefeiri 
posse  ad  visum  -,  sed  potios  debere  cas  in  tempore  aliquo  notabili  delabi. 
Vcrum  ilia  dubitatio  (quoad  majiis  aliquod  intervallum  temporis  inter  tempus 
verum  et  visum)  postea  plane  evanuit,  rcputantibus  nobis."  (The  Works  of 
Frauds  Bacon,  Vol.  i.  Lond.  17iO — (Novum  Organum),  p.  371.)  He  thcD, 
quite  in  the  manner  of  the  Aucieuts,  recalls  a  true  view  just  expressed.  Com- 
pare Somerville,  The  Connexion  of  the  Physical  Sciences,  p.  36  -,  and  Kosmos, 
Bd.  i.  S.  161  (English  edition.  Vol.  i.  p.  144—145). 

(^37)  p,  72. — See  Arago's  development  of  his  method,  in  the  Annuaire  do 
Bureau  des  Longitudes  pour  1842,  p.  337 — 343:  "  L'observation  attenti?e 
des  phases  d' Algol  a  six  mois  d'intervalle  servira  a  determiner  directement  b 
Vitesse  de  la  lumiere  de  cette  etoilc.  Pres  du  maximum  et  du  minimamk 
changement  d'intensite  s'opere  leutement ;  il  est,  an  ccmtraire,  rapide  a  cer- 
taines  epoques  iutermediaires  entre  cellcs  qui  correspondent  aiix  deux  etaU 
extremes,  quand  Algol,  soit  en  diminuant,  soit  en  augmentanc  d'eclat,  passe 
par  la  troisieme  grandeur." 

(138)  p.  72.— Newton,  Opticks,  2d  edit.  (Lond.  1718),  p.  325:  "Light 
moves  from  the  Sun  to  us  in  seven  or  eight  minutes  of  time."  Newton 
compares  the  velocity  of  sound  (**  1140  feet  in  one  second")  with  that  of 
light.    Reckoning  for  the  latter,  according  to  the  occultations  of  Jupiter's 
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atellites  (Newtou  died  about  half  a  year  before  Bradley's  discovery  of  aberra- 
tion), T  SO''  from  the  Sun  to  the  Earth,  aud  assuming  a  distance  of  70 
millions  of  English  (statute)  miles, — flight  traverses,  in  every  second  of  time, 
153555^  English  miles,  the  reduction  of  which  to  geographical  miles 
would  vary  according  to  the  assumption  of  the  figure  of  the  Earth.  Accord- 
ing to  Encke's  exact  assumptions  in  the  Jahrbuch  for  1832  (taking,  with 
Dove,  1  English  mile  =  3280  English  feet=4934'206  Paris  feet),  there  are 
691637  English  statute  miles  to  an  equatorial  degree.  Ncvs'ton's  result  would 
thns  be  33736  German  geographical  miles  13  to  a  degree,  (or  134944  English 
geographical  miles  60  to  a  degree,  which  are  generally  used  throughout 
this  translation  ander  the  name  of  "  geographical  miles").  But  Newton  took 
the  Sun's  parallax  at  12^':  if  it  is  8'''37116,  as  given  by  Encke's  calculation 
of  the  transit  of  Venus,  the  distance  is  greater,  and  we  should  have  for  the 
velocity  of  light  (taking  7i'  from  the  Sun)  47232  German,  or  188928 
English  geographical  miles  for  a  second  of  time, — too  much,  therefore,  instead 
of,  as  before,  too  little.  It  is  certainly  very  remarkable,  though  it  was  not 
noticed  by  Ddambre  (Hist,  de  I'Astronomie  moderne,  T.  ii.  p.  633),  that 
whereas,  from  Romer's  discovery  in  1673  to  the  beginning  of  the  ISth 
eentury,  the  times  assigned  for  the  passage  of  light  over  half  the  major  axis 
of  the  Earth's  orbit  fluctuated  between  11'  and  14'  10", — being  always  much 
too  high, — Newton,  supported  perhaps  by  more  recent  English  observations  of 
the  first  satellite,  came  within  about  47"  of  the  truth  (or,  at  least,  of  the  now 
aoeepted  result  of  Struve).  The  oldest  memoir  in  which  Romer,  who  was 
Picard's  pupil,  presented  his  discovery  to  the  Academy,  bears  date  Nov.  22^ 
1673.  He  found,  by  forty  emersions  and  immersions  of  Jupiter's  satellites, 
"  un  rctardement  de  lumiere  de  22  minutes  par  I'intervalle  qui  est  le  double 
de  celui  qu'il  y  a  d'ici  au  Soleil"  (Memoires  de  I'Acad.  de  1666—1699,  T.  x. 
1730,  p.  400).  Cassini  did  not  contest  the  fact  of  the  retardation,  but  he 
contested  the  assigned  amount  of  time,  because  (he  very  erroneously  supposed) 
different  satellites  gave  different  results.  Du  Ham  el,  the  Secretary  of  the 
Paris  Academy  (Rcgiae  Scieutiarum  Academia;  Historia,  1698,  p.  143), 
seventeen  years  after  Romer  had  left  Paris,  but  still  referring  to  him,  gives 
from  10'  to  11' J  but  we  know,  by  Peter  Horrebow  (Basis  Astronomiaj,  sive 
Tridnum  Roeraerianum,  1733,  p.  122 — 129),  that  in  1704 — six  years, 
therefore,  before  his  death — when  about  to  publish  his  own  work  on  the 
velocity  of  light,  Romer  kept  steadily  to  the  result  of  11' :  so,  also,  did 
Huygens  (Tract,  de  Lumine,  cap.  1,  p.  7).  Cassini  proceeded  quite  diffe- 
rently :  he  found  for  the  first  satellite  7^  3",  for  the  second  14'  12";  and  he 
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layi  dowo,  at  the  basis  of  his  tables  of  Jupiter,  14' W  "  pro  peregnnilo 
diametri  semissi."  The  error  was  therefore  on  the  inerease.  (Compan 
Horrebow,  Triduum,  p.  129;  Cassini,  Hjpoihdaes  et  Sateilites  de  Jupiter,  in 
the  M^m.  de  I'Acad.  1666—1699,  T.  viii.  p.  486  and  476 ;  Belambre,  Hist. 
de  TAstr.  modeme,  T.  ii.  p.  761  and  782;  Dn  Hamel,  Physica,  p.  486.) 

('")  p.  72.— Delambre,  Hist,  de  TAstr.  mod.  T.  iL  p.  663. 

(>^  p.  73.— Reduction  of  Bradley's  Observations  at  Kew  and  Wansted, 
1336,  p.  22 ;  Schnmacher's  Astr.  Nachr.  Bd.  liii.  1836,  No.  809.  (Ckim- 
pare  Miscellaneous  Works  and  Corre8|)ondence  of  the  Be?.  James  Bradley,  hj 
Professor  Rigand,  Oxford,  1882.)  On  the  attempts  hithoio  made  to  ex- 
plain the  aberration  of  light  on  the  nndnlatory  theory,  aee  Doppler,  in  the 
AbhandL  der  koo.  bohmischen  Oesellschaft  der  Wiss.  6te  Folge,  Bd.  iiL  8. 
746—766.  It  is  a  drenmstance  desenring  of  particular  attention  in  the 
history  of  great  astronomical  discoveries,  that  more  tluuihalf  aeentnry  before 
Bradley's  actual  discovery  and  explanation  of  the  cause  of  aberration  (probah^ 
from  1667),  Picard  remarked  a  periodical  movement  of  the  Pde-star  of  about 
2(y\  which  "  can  neither  be  the  effect  of  parallax  or  of  refraction,  and  is  voy 
regular  in  the  opposite  seasons  of  the  year"  (Delambre,  Hist,  de  TAstr. 
modeme,  T.  ii.  p.  616).  Picard  was  on  the  path  which  might  have  led  to  the 
discovery  of  the  velocity  of  direct  light,  half  a  century  before  his  disciple 
Rdmer  made  known  the  velocity  of  reflected  light. 

(^^')  p.  78.— Sebum.  Astr.  Nachr.  Bd.  xxi.  1844,  No.  484;  Strove, 
Etudes  d'Astr.  stellaire,  p.  103  and  107  (compare  Kosmos,  Bd.  i.  S.  160; 
English  edition,  p.  144).  In  the  Annuaire  pour  1842,  p.  287,  the  velocity 
of  light  is  given  at  :  08000  kilometres,  or  77000  lieues  (each  4000  metres) 
in  a  second :  this  result  comes  nearest  to  the  present  one  of  Struve.  It  gives 
41507  German,  or  166028  English  geographical  miles,  in  a  second;  that  of 
the  Pnlkova  Observatory  being  41549  German,  or  166196  English  geo- 
graphical miles  in  a  second.  On  the  difference  between  the  aberration  of  the 
Pole-star  and  that  of  its  companion,  and  on  Struve's  own  recently-conceived 
doubts,  see  Madler,  Astronomie,  1849.  S.  393.  A  still  larger  result  for  the 
passage  of  light  from  the  Sun  to  the  Earth  is  given  by  WilHam  Richardsooi 
viz.  8'  19''*28,  to  which  belongs  a  velocity  of  165688  geographical  miles 
fMem.  of  the  Astron.  Soc.  Vol.  iv.  Pt.  1,  p.  68). 

Q^  p.  74.— Fizeau  gives  his  result  in  leagues,  25  to  an  equatorial  degree, 
70000  such  leagues  in  a  second  (168000  English  geographical  miles).  Oi 
earlier  experiments  of  Fizeau,  see  Comptcs  rendus,  T.  xxix.  p.  92.  Is 
Moigno,  Report.  d'Optiqne  modeme,  P.  iii.  p.  1162,  the  result  is  given  at 


NOTES.  xxxm 

7084S  (25-il°) :  therefore  42506  German,  or  170024  English  geographical 
mflee,  which  oomes  nearest  to  Bradley's  result,  according  to  Bnsch. 

C^  p.  74. — D'apr^  la  theorie  mathematiqae  dans  le  systeme  des  ondes, 
lea  rayons  de  differentes  conleurs,  les  rayons  dont  les  ondalutious  sout  inhales, 
doivent  n^moins  se  propager  dans  TEther  avec  la  meme  vitesse.  II  n'y  a 
pas  de  diillrenoe  k  oet  6^ard  entre  la  propagation  des  ondea  sonores,  lesqnelles 
86  propagent  dans  I'air  avec  la  m^me  rapidite.  Cette  ^galite  de  propagation 
dea  ondes  sonores  est  bieu  etablie  exp^mentalement  par  la  similitude  d'effet 
que  prodait  one  mosiqne  donn^  k  toutes  distances  da  lien  ou  Ton  Tezecate. 
La  principale  difficnlt^,  je  dirai  Tunique  difficulte  qa'on  eftt  elevee  contra  le 
^at^me  des  ondes,  consistait  done  k  cxpliquer  comment  la  vitesse  de  propaga- 
tion des  rayons  de  difBk^ntes  couleors  dans  des  corps  differents  ponvait  ^tre 
dissemblable  et  servir  ^  reudre  compte  de  Tin^galite  de  refraction  de  ces 
rayons  on  de  la  dispersion.  On  a  montr^  recemment  que  cette  difficult^  n'est 
paa  insnrmoutable ;  qn'on  peat  constitner  TEther  dans  les  corps  inegalement 
denaea  de  mani^re  que  des  rayons  ^  ondolations  dissemblables  s'y  propagent 
WI9C  dea  vitesses  inegales :  reste  ^  determiner  si  les  conceptions  des  geometres 
k  eet  ^gard  sont  conlormes  d  la  nature  des  choses.  Yoici  les  amplitudes  des 
ondolations  deduites  experimentalement  d'une  s^rie  de  faits  relatifs  aux 
interferences  :— 

JiKllimHres. 

Violet 0000423 

Jaune 0000351 

Rouge 0000620 

La  vitesse  de  transmission  des  rayons  de  differentes  couleurs  dans  les  espaces 
e^leates  est  la  m^me  dans  le  systeme  des  ondes,  et  tout-a-fait  ind^pendante  de 
Fitendne  on  de  la  vitesse  des  ondulations"  (Arago,  MSS.  1849).  Compare 
also  Annnaire  pour  1842,  p.  333—336.  The  length  of  the  luminous  wave  of 
the  ether  and  the  rapidity  of  the  vibrations  determine  the  character  of  the 
eokmred  rays.  The  violet,  which  is  the  most  refrangible  ray,  has  662,  and 
red,  which  (with  the  greatest  length  of  wave)  is  the  least  refrangible  ray,  has 
only  451,  billions  of  vibrations  in  a  second. 

Q*^  p.  75. — "  J'si  prouve,  il  y  a  bien  dea  annees,  par  des  observations 
directes,  que  les  rayons  des  etoiles  vers  lesqnelles  laTerre  marche,  et  les  rayons 
dea  etoiles  dont  la  Terre  s'eloigne,  se  r^fractent  ezactement  de  la  meme  quan- 
tite.  Un  tel  r^sultat  ne  peat  se  concilier  avec  la  Morie  de  V^mimon  qn'd 
I'aide  d'nne  addition  importaute  a  faire  k  cette  theorie :  il  faut  admettre  que 
les  corps  lomineuz  emettent  des  rayons  de  toutes  les  vitesses,  et  que  les  seula 
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rayons  d'une  vitesse  determinee  sont  visibles,  qu'eux  seals  produiseot  daus 
I'ccil  la  sensation  de  lumiere.    Dans  la  theorie  de  TeDussion,  le  rouge,  le 
jaaue,  le  vert,  le  blen,  le  violet  solaires  sont  respectivement  accompagnes  de 
rayons  pareils,  mais  obsciirs  par  defant  on  ]>ar  exces  de  vitesse.    A  plus  de 
Vitesse  correspond  nne  moindre  refraction,  coinme  moins  de  vitesse  entraine 
nne  refraction  plos  grande.    Ainsi  chaqae  rayon  rouge  visible  est  accompigDe 
de  rayons  obscurs  de  la  m^me  nature,  qui  se  refractent  lea  una  plus,  les  aatres 
moins  que  lui :  ainsi  il  existe  des  rayoM  dana  les  stries  nairet  de  la  portbn 
rouge  du  spectre;  la  mt^me  chose  doit  etre  admise  des  stries  sitnees  dans  les 
portions  jaunes,  vertes,  bleues  et  violettes" — ^Arago,  in  the  Gomptea  rendus 
de  I'Acad.  des  Sciences,  T.  xvi.  1843,  p.  404.     (Compare  also  T.  viii.  1839, 
p.  826;    and  Poisson,  Traite  de  Mecanique,  6d.  2,  1833,  T.  i.  $  168.) 
According  to  the  undulatory  theory,  the  heavenly  bodies  send  out  waves  of 
infinitely  different  velocities  of  transverse  vibration. 

(*«)  p.  75.— Wheatstone,  in  the  Phil.  Trans,  of  the  Royal  Society  for 
1834,  p.  589  and  591.  From  the  experiments  described  in  this  memoir,  it 
appears  to  follow  that  the  human  eye  is  capable  of  receiving  impressions 
from  luminous  phsenomena,  of  which  the  duration  is  limited  to  one-millioQth 
part  of  a  second  (p.  591).  On  the  hypothesis  alluded  to  in  the  text,  according 
to  which  the  Sun's  light  is  analogous  to  the  Earth's  polar  light,  see  Sir  John 
Herschel,  Results  of  Astron.  Observ.  at  the  Cape  of  Good  Hope,  1847,  p. 
331.  The  ingenious  application  of  Wheatstone's  revolving  apparatus,  im- 
proved by  Breguet,  to  a  critical  experiment  in  the  decision  between  the  emis- 
sion and  undulatory  theories, — as,  according  to  the  former,  light  should  pass 
quicker,  and  according  to  the  latter  slower,  through  water  than  through  air,— 
has  already  been  spoken  of  by  Arago  in  the  Comptes  rendns,  T.  vii.  183S,  p. 
956.     (Compare  Comptes  rendus  pour  1850,  T.  xxx.  p.  489—495  and  556.) 

("«)  p.  77.— Steinheil,  in  Schumacher's  Astr.  Nachr.  No.  679  (1849),  S. 
97 — 100  ;  Walker,  in  the  Proceedings  of  the  American  Philosophical  Society, 
Vol.  V.  p.  128  (compare  older  propositions  of  Pouillet,  in  the  Comptes  rendus, 
T.  xix.  p.  1386).  Still  later  ingenious  experiments  of  Mitchel,  Directorofthe 
Observatory  of  Cincinnati  (Gould's  Astrou.  Journal,  Dec.  1849,  p.  3,  on.the 
Velocity  of  the  Electric  Wave),  and  of  Fizeau  and  Gounelle  at  Paris  (April 
1850),  differ  from  Wheatstone's  and  Walker's  results.  Striking  differences 
between  iron  and  copper,  in  respect  to  conduction,  are  shown  by  experi- 
ments given  in  the  Comptes  rendus,  T.  xxx.  p.  439. 

0*0  p.  77— See  Poggendorff,  in  his  Annalen,  Bd.  Ixxiii.  1848, S.  337; 
and  Pouillet,  Comptes  rendus,  T.  xxx.  p.  501. 
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C^)  p.  77.— Riess,  in  Poggen.  Ann.  Bd.  78,  S.  433.  On  the  npn-con- 
duction  through  the  earth,  see  the  important  experiments  of  Guillemin 
"  sur  le  coorant  dans  une  pile  isolee,  et  sans  communication  entre  ]es  pdles," 
in  the  Comptes  rendus,  T.  xxix.  p.  521.  "  Quand  on  remplace  un  111  par  la 
terre  dans  les  t^egraphes  electriques,  la  terre  sert  plutot  de  reservoir  commun 
que  de  moyen  d'onion  entre  les  deux  extremites  da  fil." 

("')  p.  78.— Miidler,  Astr.  S.  380.  Laplace,  according  to  Moigno,  Re'* 
pertoire  d'Optique  modeme,  1847,  T.  i.  p.  72 : — "  Selon  la  theorie  de  remis- 
sion, on  croit  pouvoir  demoutrer  que  si  le  diametre  d'une  etoile  fixe  seraii 
250  fois  plus  grand  que  celui  du  soleil,  sa  densite  restant  la  memo,  I'attractiou 
exercee  k  sa  surfoce  d^truirait  la  quantite  de  mouvement  de  la  mol^ule 
lumineuse  ^mise,  de  sorte  qu'elle  serait  invisible  k  de  grandes  distances." 
If,  with  William  Herschel,  we  ascribe  to  Arcturus  an  apparent  diameter  of 
O'^'l,  it  would  follow  from  this  assumption  that  the  actual  diameter  of 
this  star  is  only  11  times  greater  than  that  of  onr  Sun  (Kosmos,  Bd.  i. 
S.  153  and  415 ;  English  edition,  p.  137—138,  and  Note  107).  According 
to  the  above  view  of  one  of  the  causes  of  non-luminosity,  it  would  follow  that, 
with  very  different  dimensions  of  the  heavenly  bodies,  the  velocity  of  their  light 
woold  be  also  very  different,  which  hitherto  has  by  no  means  been  confirmed 
by  observation.  (Arago,  in  the  Comptes  rendus,  T.  viii.  p.  32G,  says  :— 
"  Les  experiences  sur  T^gale  deviation  prismatique  des  ^toiles  vers  lesquelles 
la  terre  marche  ou  dont  elle  s'eloigue,  rend  compte  de  T^galite  de  vitesse 
apparente  des  rayons  de  toutes  les  etoiles.") 

C^  p.  79. — ^Eratosthenes,  Catasterismi,  ed.  Schaubach,  1795 ;  and  Era- 
tosthenica,  ed.  God.  Bemhardy,  1822,  p.  110 — 116.  The  description  dis- 
tinguishes among  stars  KofjLTpobs  (fitydXovs)  and  ifiavpohs  (cap.  2,  11,  41). 
So  also  Ptolemy :  with  whom  o\  afjL6pif>wroi  relate  only  to  stars  which  are  not 
iaciuded  formaliy  in  a  constellation. 

(^*)  p.  80. — ^Ptol.  Almag.  ed.  Halma,  T.  ii.  p.  40;  and  in  Eratosth. 
Catast.  cap.  22,  p.  18 :  4i  8e  jce^oA.^  koX  ^  &pin}  Hvcarros  dpwrcUf  dih  8i 
yc^cXd^ous  ffv(rrpo<lnif  8oicei  riffiv  SpaaOcu.  So  also  Greminus,  Phffiu. 
(ed.  Hilder.  1590),  p.  4G. 

(1^  p.  80.— Kosmos,  Bd.  ii.  S.  869  and  514  (Anm.  63) ;  English  edi- 
tioD,  p.  328  and  cxviii.  (Note  503). 

(^'^  p.  80. — Muhamedis  Alfragani  Chronologica  et  Astr.  Elementa,  1590, 
cap.  xxiv.  p.  118. 

(^)  p.  81. — Some  manuscripts  of  the  Almagest  point  to  such  sub-divisions 
or  intermediate  classes,  as  they  add  to  the  determinations  of  magnitude  the 
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words  fitt^w  or  ixiunrvv  (Cod.  Far.  If  2389).  Tydio  Brafae  eipccased  tin 
iBcreasing  or  diminishing  by  points. 

(«5)  p.  81.— Sir  John  Herschd,  Outl.  of  Astr.  p.  520—527. 

{}^  p.  82. — This  was  the  appfication  of  mirror  sextants  to  the  determiit- 
tion  of  the  light  of  stars  whieh  I  emjdoyed  in  the  tropies  still  more  than 
diaphragms,  which  had  been  recommended  to  me  by  Bords.  I  began  the 
work  nnder  the  fine  sky  of  Cnmana,  and  continued  it  subsequently  np  to  1809, 
undei  less  favourable  circumstances,  on  the  high  plains  of  the  Andes,  and  on 
the  coast  of  the  Piacific  at  Guayaquil.  I  had  formed  for  myself  an  arbitiaiy 
scale,  in  which  I  made  Sirins,  as  the  brightest  of  aB  the  fixed  stars^  =  100; 
stars  of  the  1st  magnitude  between  lOOand  80;  2d  magnitude  between  80 
and  60;  Sd  magnitude  between  60  and  4&;  4th  between  45  and  30;  and 
5th  between  80  and  20.  I  passed  in  review  more  partieularly  the  consteDa- 
tions  of  Argo  and  Grus,  m  which  I  befieved  I  should  find  alteraUons 
since  Lacaille's  time.  It  appeared  to  me,  after  careful  combiuatious  of  esti- 
mation, and  employing  other  stars  as  intermediate  gradatioB8>  that  Sirins  is 
as  much  superior  in  the  strength  of  its  Kght  to  Canopus,  as  Oentauii  is  to 
Achemalr.  On  account  of  the  above«mentiened  mode  of  chissifieation,  my 
numbers  do  not  admit  of  direct  eomparisen  with  those  given  since  1888  by 
Sir  John  Herschel.  (See  my  Becueil  d'Observ.  astr.  Vol.  i.  p.  Ixxi.;  and 
Kelat.  hist,  dn  Yoy.  am  R^ions  equin.  T.  i.  p.  518  and  624 ;  also  Lettre 
de  M.  de  Humboldt  it  M.  Schnmacher  en  J&rr.  1839,  in  the  Astr.  Nadir. 
!N°  374.)  In  this  letter  I  say  : — "  M.  Arago,  qui  possede  des  moyens  photo* 
m^triques  entierement  dififereuts  de  eenx  qni  out  6i6  publics  jusqu'ici,  m'avait 
rassure  sur  la  partie  des  errenrs  qui  pouvaient  provenir  du  ehangement  d'in- 
clinaison  d'un  miroir  entam^  sur  la  face  iut^rieure.  II  blame  d'afllenrs  le 
principe  de  ma  m^thode,  et  le  regsrde  comme  peu  susceptible  de  perfeetrome* 
ment,  non-seulement  a  cause  de  la  difference  des  angles  entre  Tetoile  vne 
directement  et  ceUe  qui  est  amende  par  reflexion,  mais  surtout  paree  que  le 
r^uHat  de  la  m^siire  d'iuieDsite  depend  de  la  partie  de  Toeil  qui  se  trouve  en 
face  de  Toculaire.  II  y  a  erreur  lorsque  la  pupille  n'est  i)as  tres-exactement 
k  la  hauteur  de  la  limite  inferieure  de  la  portion  non  entam^  du  petit 
miroir." 

(^7;  p.  82. — Compare  Steinheil,  Elemente  der  HelUgkeit's-Messungen  am 
Sternenhimmel  Miinchen,  1836  (Schum.  Astr.  Nachr.  No.  609)  and  John 
Herschel,  Results  of  Astronomical  Observations  made  during  the  years  1834 
—1838  St  the  Cape  of  Good  Hope  (Lond.  1847),  p.  853—357.      In  1846, 
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Seidel  attempted  to  detennine  with  Steinbeirs  photometer  the  quantities  of 
light  of  se? enl  elan  of  the  let  magnitude  which  appear  at  snfficieDt  altitudes  in 
our  northern  hemisphere.  He  makes  a  Lyne  =»  1,  and  then  finds  Sirius  » 
6)*18;  Rigel,  whose  brightness  seems  to  be  increasing,  »  1*30;  Arctums, 
0-84;  CapeUa,0*88;  Procyon,  0*71 ;  Spica,0'49;  Atair,  0*40;  Aldebaran, 
0*86;  Deneb,  0-85;  Begnlus,  0*84 ;  Pollux,  0*30;  Betelgeuze  is  left  out, 
becanse  it  is  variable^  as  appeared  particularly  between  1836  and  1889 
(Outlines,  p.  523). 

(^  p.  88.— For  the  nnmerical  bases  of  the  photometric  results,  compare 
fonr  tables  of  Sir  John  Herschel,  in  his  Cape  Observations  {a.  p.  341 ;  b. 
p.  867—871 ;  e.  p.  440 ;   and  d,  in  his  Outlines  of  Astronomy,  p.  622 
— 526,  and  645 — 646).    For  a  mere  arrangement  in  order  of  magnitude 
or  brightness,  but  without  any  numbers  being  expressed,  see  the  Manual  of 
Seientifio  Enquiry  prepared  for  the  Use  of  the  Navy,  1849,  p.  12.      In  order 
to  render  more  complete  the  conventional  language  which  has  been  hitherto 
wad  (t.  e,  the  old  classification  into  magnitudes),  Sir  John  Herschel,  in  the 
Outlines  of  Astronomy,  p.  645,  has  appended  to  the  vulgar  scale  of  magni- 
tudes, a  scale  of  photometric  magnitudes  obtained  merely  by  the  addition  of 
0*41,  as  is  more  fnlly  explained  in  the  Cape  Observations,  p.  370.    I  subjoin 
neh  a  table,  combining  in  it  the  stars  of  the  Northern  and  Southern  Hemi- 
spheres without  distinction.     See  p.  xlii.  to  p.  xlv.  at  the  close  of  the  Notes 
bdongiug  to  this  section. 

(^)  p.  83. — Argelander,  Durchmusterung  des  ndrdl.  Himmels  zwidehen 

45°  and  80°  Decl.  1846,  S.  xxir. — xxvi. ;  Sir  John  Herschel,  Ast.  Obs.  at 

the  Cape  of  Good  Hope,  p.  327,  840,  and  865. 

f)  p.  88.— Same  work,  p.  304;  and  Outlines,  p.  522. 

("')  p.  84.— Phil.  Trans.  Vol.  Ivii.  for  the  year  1767,  p.  234. 

f)  p.  84. — "Wollaston's  comparison  of  the  light  of  the  Sun  and  of  the 

^ooa  was  made  in  1799,  and  was  based  on  shadows  cast  by  wax-lights,  while 

''>  the  experiments  with  Sirius  in  1826  and  1827  images  reflected  from  a 

SW^lobe  were  employed.    The  earlier  assigned  ratios  of  the  intensity  of  the 

^Ur  light  as  compared  to  that  of  the  Moon  difier  very  much  from  the  results 

*^ere  given.      Michell  and  Enler,  proceeding  from  theoretical  grounds,  had 

'^pectively  concluded  450000  and  374000  to  1.  Bouguer,  from  measurements 

^f  the  shadows  of  wax-lights,  had  even  made  it  only  300000  to  1.    Lambert 

^Qusiders  the  light  of  Venus,  when  at  the  brightest,  to  be  3000  fainter  than 

^hmt  of  the  full  Moon.     According  to  Steiuheil,  the  Sun  would  require  to  be 

^286500  times  further  off  than  it  is  in  order  to  appear  to  the  inhabitants  oi 
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the  Earth  like  Arcturas  (Stnive,  Stellarumcompositamm  mensurse  microme- 
tricsc,  p.  cliiii.)  ;  and  Arcturos,  accurding  to  Sir  John  Herschel,  has  for  us 
only  half  the  8tren.:j;th  of  light  of  panopus  (Herschel,  Obscrvatioos  at  the 
Cai)e,  p.  34).  All  these  ratios  of  intensity,  and  particularly  the  important 
comparison  of  the  Sun,  the  full  Moon,  and  the  ashy  light  of  our  satellite,  ao 
different  according  to  its  position  in  reference  to  the  reflecting  Earth,  deserre 
a  final  and  mnch  more  serious  examination. 

(^®)  p.  84.— Ontl.  of  Astr.  p.  553 ;  Astr.  Observ.  at  the  Cape,  p.  363. 

(*^)  p.  85. — 'William  Herschel  on  the  Nature  of  the  Sun  and  Fixed  Stan, 
in  the  Phil.  Trans,  for  1795,  p.  62,  and  on  the  changes  that  happen  to  the 
fixed  stars,  in  the  Phil.  Trans,  for  1796,  p.  186.  Compare  also  Sir  John 
Herschel,  Observ.  at  the  Cape,  p.  350 — 352. 

Q^)  p.  85. — Extrait  d'une  lettre  de  M.  Arago  a  M.  de  Humboldt  (Mai 
1850)  :— 

"  a.  Mesurei  pkotomitriques, 

**  II  u'existe  pas  de  photometre  proprement  dit,  c'est-^-dire  d'instroment 
donnant  I'intensite  d'une  lumiere  isolee ;  le  photometre  de  Leslie,  a  Taide 
duquel  il  avait  eu  I'audace  de  vouloir  comparer  la  lumiere  de  la  lune  k  la 
limu^re  du  so!cil,  par  des  actions  calorifiqnes,  est  completement  defectueoi. 
J'ai  prouve  en  cfTet,  que  ce  pr^tendu  photometre  monte  quand  on  Texposei 
la  lumiere  du  soleil,  qu'il  descend  sous  Taction  de  la  lumiere  du  feu  ordiaaire, 
et  qu'il  reste  completement  stationnaire  lorsqn'il  re9oit  la  lumiere  d'une  lauipe 
d'Argand.  Tout  ce  qu'on  a  pu  faire  jusqu'ici,  c'est  de  comparer  entr'elles 
deux  lumi^res  en  presence,  et  cette  comparaison  n'est  meme  a  I'abri  de  toote 
objection  que  lorsqu'on  rameueces  deux  lumieresaTegalit^imr  un  affaibb'sse- 
meut  graduel  dc  la  lumiere  la  plus  forte.  C'est  comme  criterium  de  cette 
egalite  que  j'ai  employ^  les  anneaux  colores.  Si  on  place  Tune  sur  Tantre 
deux  lentilles  d'un  long  foyer,  il  se  forme  autour  de  leur  point  de  contact  des 
auneaux  colores  tant  par  vole  de  reflexion  que  par  vols  de  transmission.  Les 
aimeaux  reflechis  sont  compMmentain  s  en  couleur  des  anneaux  transmis;  ces 
deux  series  d'anueaux  se  neutralisent  mutuellement  quand  les  deux  lumieres 
qui  les  forment  et  qui  arrivent  simultanement  sur  les  deux  lentilles,  sont 
egales  entr'elles. 

"  Dans  le  cas  contraire  on  voit  des  traces  ou  d'anneaux  reflechis  ou  d'an- 
ueaux transmis,  suivant  que  la  lumiere  qui  forme  les  premiers,  est  plus  forte 
ou  plus  faible  que  la  lumiere  a  laquelle  on  doit  les  seconds.  C'est  dans  oe 
sens  seulement  que  les  anneaux  colores  jouent  un  role  dans  les  mcsures  de  la 
lumiere  auxquelle  je  me  suis  livrd. 


cc 
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"  b.  CyiiJtOMefrg. 

Mon  cyanometre  est  one  extension  de  mon  ptilariscope.  Co  deraier 
instrament,  comme  tn  sub,  ae  compose  d'na  tube  ferme  a  ritue  de  ses  extre- 
mity par  une  plaqne  de  cristal  de  roche  perpendicnlaire  a  I'axe,  de  5  mille- 
inetres  d'^paisBeor ;  et  d'un  pnsnie  done  de  la  donble  refraction,  place  dn  cote 
de  Tceil.  Pttrmi  les  conlenrs  variees  que  donne  cet  apparcil,  lorsqiie  de  la 
Inmiere  polariaee  le  traverse,  et  qu*on  fait  toarner  le  prisuie  sar  Ini-meme,  se 
troQfe  par  nn  henreox  hasard  la  nuance  dn  bleu  de  ciel.  Cette  coolenr  bleue 
tort  affkiblie,  c*eKt4k-dire  tr^  melangee  de  blanc  lonqne  la  lumiere  est  presque 
neutre,  augmente  d'intensite — progressivement  a  mesure  que  les  rayons  qui 
p&iMremt  dans  rinslmmeiit,  renferment  une  plus  grande  proportiou  de 
r^ons  polarises. 

"  Sapposona  done  qne  le  polariscope  soit  dirige  snr  une  feuille  de  papier 
UaDC ;  qu*entre  cette  fenille  et  la  lame  de  cristal  de  roche  il  existe  une  pile 
de  plaques  de  verre  susceptible  de  changer  d'indinaison,  ce  qui  rendra  la 
lamiere  ddairaute  du  papier  plus  on  moins  polarisee;  la  couleur  bleue  fournie 
par  rinstrument  va  en  angmentant  avec  Tinclinaison  de  la  pile,  et  Ton  s'ar- 
retc  lorsque  cette  couleur  parait  la  meme  qne  celle  de  la  region  de  Tatmo- 
sph^  dont  on  feut  determiner  la  tdnte  cyanometrique,  et  qu'on  regarde  a 
rceil  nn  imm^diatement  k  c6te  de  rinstrument.  La  mesure  de  cette  teinte 
est  donn^  par  Pindinaison  de  la  pile.  Si  cette  deruiere  partie  de  rinstru- 
ment se  compose  du  meme  nombre  de  plaques  et  d'une  meme  espece  de  verre, 
lea  observations  faites  dans  divers  lieux  seront  parfaitemeut  comparables 
eatr'elles." 

(**)  p.  85. — Argelander  de  fide  Uranometrise  Baycri,  1842,  p.  14 — 23  : 
"  in  eadem  dasse  littera  prior  majorem  splendorem  nullo  modo  iudicat"  ^$9). 
According  to  this  it  is  by  no  means  proved  by  Bayer's  authority  that  Caster 
was  brighter  in  1603  than  Pollux. 
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PHOTOMETRIC  ARRAJJGEMENT  OF  THE  FIXED  STABS. 


I  CONCLUDK  this  section  with  a  table  taken  from  Sir  John  Hersehd's  Oit- 
lines  of  Astronomy  (p.  645  and  646) :  I  am  indebted  for  its  arrapgeacit 
and  locid  explanation  to  my  learned  friend.  Dr.  Gkdle,  from  whose  kttcr  ts 
myself  dated  in  March  1850,  I  suljoin  the  following  extract :— > 

"  The  numbers  in  the  Photometric  Scale  in  the  Outlines  of  Astroooaj 
are  results  obtained  from  the  *  Yolgar  Scale,'  by  an  addition  ihrooghout  0(0*41. 
The  author  (Sir  John  Hersdiel)  has  arrived  at  these  more  exact  detcnuBa- 
iions  of  star-ma^itudes  by  observed  '  sequences'  of  brightness,  and  by  tk 
combination  of  these  observations  with  the  average  of  the  assigned  magnitodBi 
in  ordinary  use  (Cape  Observations,  p.  301 — 35^),  taking  more  partienln^ 
the  data  in  the  Astronomical  Society's  Catalogue  for  1827  as  a  basis.  Tie 
proper  photometric  results  of  several  stars  by  meaus  of  the  Astrometer  (Cipe 
Observations,  p.  358,  e^  seq.)  have  not  been  employed  directly  in  this  t-lk, 
but  have  only  served  in  a  general  way  as  a  meaus  of  judgiug  of  the  rektioa 
or  correspondence  of  the  scale  in  common  Ube  (1st,  2d,  3<1,  &c.  m^  gnitudai), 
to  the  real  quantities  of  light  in  differeut  stars.  There  has  thus  been  fooni 
the  result  (at  all  events  remarkable),  that  the  decrease  of  our  ordiuary  8ta^ 

magnitudes  (1,  2,  3 )  is  appioximately  as  if  a  star  of  the  1st  magnitads 

were  placed  successively  at  distances  of  1,  2,  3, whereby,  acooiding  ta 

photometric  law,  its   brightness  would   have  successively  the  values  1,  i, 

I,  -^ (Cape  Observations,  p.  371i  372;  Outlines,  p.  521,  522; ;  butia 

order  to  make  accordauce  still  greater,  it  is  only  necessary  to  raise  our  star* 
mft^nitudcs,  as  hitherto  employed,  about  half  a  magnitude  (or  more  exactly 
0'41) ;  so  that  in  futare  a  star  of  the  200  magnitude  should  be  called  of  tht 
2'4]  magnitude;  a  star  of  2'5  magnitude,  2*91,  and  so  on.  Sir  John 
Herscbel  has  proposed  this  'photometric'  (raised)  scale  for  accept- 
ance (Cape  Obs.  p.  372;  Outl.  p.  522),  and  his  proposal  will  surely  bs 
assented  to :  for,  the  difference  from  the  Common  or  Vulgar  Scale  would 
'  hai-dly  be  felt'  (Cape  Cbs.  p.  372)  ;  and  the  table  in  the  *  Outlines 
of  Astrouoniy,'   p.   645,  et  seq.,   may  already  serve    as    a    basis   as  far 
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down  as  the  4th  magnitude.    The  determination  of  magnitades  of  atars 

tooording  to  this  role — yiz.  that  the  brightnesses  of  stars  of  the  1, 2,  8,  4 

magnitudes  should  be  to  each  other  in  the  ratio  of  1,  ^,  ^,  -^ exactly,  as 

they  already  are  approximately, — is  thos  already  in  part  practicable.  Sir 
John  Henchel  (Oatlines,  p.  523 ;  Cape  Obs.  p.  372)  takes  a  Centaiiri  as  a 
normal  star  for  the  1st  magnitude  of  the  Photometric  Scale,  and  as  the  unit 
for  the  quantity  of  light.  If,  therefore,  we  square  the  photometric  magnitude 
of  a  star,  we  have  the  in? erse  ratio  of  its  quantity  of  light  to  that  of  a  Cen- 
tsnrL  So,  for  example,  if  k  Orionis  is  of  photometric  magnitude  8,  it  has 
^  of  the  light  of  a  Centauri.  At  the  same  time,  the  number  8  would  show 
c  Qrionia  to  be  8  times  as  far  from  us  as  a  Centauri,  if  we  assume  the  two 
sUn  to  be  bodies  equal  in  real  magnitude  and  brightness.  If  another  star — 
Ar«  gr.  Sirina»  which  is  four  times  as  bright — had  been  chosen  as  the  unit 
of  the  photometric  mlignitndes  indicating  distances,  the  regular  conformity  to 
kw  would  not  have  been  seen  with  so  much  simplicity.  Nor  is  it  without 
iotflrest  that  the  distance  of  a  Centauri  is  known  with  some  probability,  and 
thit  among  the  distances  of  fixed  stars  which  have  yet  been  investigated  it  is 
the  kast.  The  author  treats  in  the  Outlines,  p.  521,  of  the  inferiority,  in 
point  of  suitability,  of  other  scales  as  compared  with  the  photometric  one, 

which  advances  according  to  the  squares  1,  ^,  -^j  -^ He  also  notices 

geometrical  progressions — as,  for  example,  1,  ^,  -I,  ^ or  1,  ^,  •^,  ^ 

The  gradations  which  you  selected  in  the  Observations  at  the  Equator  in  your 
American  Expedition  follow  an  arithmetical  progression  (Becueil  d'Observ. 
Mtnm.  YoL  1,  p.  Ixxi. ;  and  Schumacher,  Astron.  Nachr.  No.  374).  All  these 
■Biles  adapt  themselves  less  well  to  the  vulgar  scale  than  to  the  photometric 
(quadratic)  progression."  In  the  followiuti;  table,  the  190  stars  of  the  **  Out- 
lines of  Astronomy"  are  arranged  solely  according  to  their  magnitudes, 
without  regard  to  South  or  North  Decliuation. 
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List  of  190  Stabs  of  the  First,  Second,  and  Third  Magnitudes, 
arranged  according  to  the  determinations  of  Sir  John  Kebschil, 
and  giving  the  ordinary  or  "vulgar"  magnitudes  with  greatar 
exactness  than  usual ;  as  well  as  the  pKttometric  scale  proposed 
by  him. 

Stabs  op  the  Pibst  Magnitude. 


Star. 


Sirius       .     . 
>y  Argus  (Var.) 

Canopus 
a  Centauri 

Arcturus 

Bigel  . 

Capella 
a  LyrsB  . 

Procyon 


Vulgar 
Scale. 

Photo. 
Scale. 

0.08 

0.49 

0.29 

0.70 

0.59 

1.00 

0.77 

1.18 

0.82 

1.23 

1.0: 

1.4: 

1.0: 

1.4: 

1.0: 

1.4: 

Star. 


a  Orionis  . 
a  Eridani    . 

Aldebaran 
j9  Centauri  . 
a  Orucis 

Antares  . 
a  Aquilffi     . 

Spica  .     . 


Vulffar 
Scue. 


Photo. 
?cale. 


1.0: 

1.09 

1.1: 

1.17 

1.2 

1.2 

1.28 

1.38 


I 


1.43 

1.50 

1.5: 

1.58 

1.6 

1.6 

1.69 

1.79 


Stars  op  the  Second  Magnitude. 


Star. 


Fomalhaut 
j8  Crucis 

Pollux 

Regulus 
a  Gruis  . 
7  Crucis 
6  Orionis 
6  Canis  . 
A  Scorpii 
a  Cygni . 

Castor 
€  Ursse  (Var.) 


Vulgfar 
Scale. 

Photo. 
Scale. 

1.54 

1.95 

1.57 

1.98 

1.6: 

2.0: 

1.6: 

2.0: 

1.66 

2.07 

1.73 

2.14 

1.84 

2.25 

1.86 

2.27 

1.87 

2.28 

1.90 

2.31 

1.94 

2.35 

1.95 

2.36 

Star. 


Viilgrar  I  Photo, 
i^cale.     Scale. 


a  UrsBB  (Var.) 
f  Orionis     . 
jS  Argus  .     . 
a  Persei  .     . 
y  Argus  .     . 
6  Argus  .     . 
7j  UrssB  (Var.) 
y  Orionis     . 
a  Triang.  austr 
6  Sagittarii . 
jS  Tauri  .     . 
Polaris     . 


1.96 

2.37 

2.01 

2.42 

2.03 

2  41 

2.07 

2.18 

2.08 

2.49 

2.18 

2.59 

2.18 

2.59 

2.18 

2.59 

2.23 

2.64 

2.26 

2.67 

2.28 

2.69 

2.28 

2.69 
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Stass  op  thb  Secoitd  'MjiOtTunTTD^^continued. 


Stw. 

Vulgar 
Scide. 

Photo. 
Scale. 

2.70 

1 
1 

Star. 

1 
1 

i 

1 

Vulprar  '  Fhoto. 
Scale.  '  Scale. 

d-  Scorpii     .     . 

2.29 

8  Argus .     .     . 

2.42    !  2.83 

aHydrsD 

2.30 

2.71 

f  Upsce  .     .     . 

2.43    1  2.84 

5  Canis  .     . 

2.32 

2.73 

fi  Andromedse  . 

2.45      2.86 

a  PaTonis 

2.33 

2.74 

;  j8  Ceti     .     .     . 

2.46      2.87 

7  Leonis 

2.34 

2.75 

A  Argiis .     .     . 

2.46 

2.87 

3  Qruis  . 

2.36 

2.77 

/S  AvirigiB     .     . 

2.48 

2.89 

a  Aiietis 

2.40 

2.81 

7  Andromeda)  . 

2.50 

2.91 

0*  Sagittarii . 

2.41 

2.82 

i 

1 

1 

1 

Stabs  of  the  Thied  Magnitude. 


Vuljfar 

1 
Photo. 

1 
3.  ^             1  Vulsrar 

Photo. 

Star. 

Scale. 

Scale. 

Star. 

Scale. 

Scale. 

7  Cassiopeiffi    . 

2.52 

2.93    1 

€  Scorpii     .     . 

2.71 

3.12 

a  Andromedffi  . 

2.54 

2.95  ; 

f  Argus  . 

2.72 

3.13 

1^  Centauri  .     . 

2.54 

2.95 

jS  Ursse   . 

2.77 

3.18 

a  CassiopcisB     . 

2.57 

2.98 

a  PhoDnicis 

2.78 

3.19 

fi  Canis   .     .     . 

2.58 

2.99 

(  Argus  . 

2.80 

3.21 

X  Ononis     .     . 

2.59 

3.00    ! 

€  Bootis 

2.80 

3.21 

7  Ghjuiinorum  . 

2.59 

3.00 

a  Lupi    . 

2.82 

3.23 

5  Ononis     .     . 

2.61 

3.02    ' 

6  Ceutaiiri 

2.82 

3.23 

Algol  (Var.) . 

2.62 

3.03 

rj  Canis  . 

2.85 

3.26 

€  Pegasi      .     . 

2.62 

3.03 

$  Aquarii 

2.85 

3.26 

7  Draconis  .     . 

2.62 

3.03 

8  Scorpii 

2.80 

3.27 

)3  Leonis      .     . 

2.63 

3.04 

6  Cygni  . 

2.88 

3.29 

a  Opbiuchi .     . 

2.63 

3.04  ; 

rj  Ophiuclii 

2.89 

3.30 

fi  Cassiopeia    . 

2.63 

3.04 

7  Cor>'i  . 

2.90 

3.31 

7  Cygni  .     .     . 

2.63 

3.04 

a  Cephci 

2.90 

3.31 

a  Pegasi       .     . 

2.65 

3.06            ; 

rj  Centauri 

2.91 

3.32 

iS  Pegasi      .     . 

2.65 

3.06 

a  Serpcntis . 

2.92 

3.33 

7  Centauri  .     . 

2.68 

3.09    1 

8  Leonis 

294 

3.35 

a  CoronsB     ,     . 

2.69 

3.10 

X  Argus  .     . 

2.94 

3.35 

7  UrsfiB  .     .     . 

2.71 

3.12 

i 

/3  Corvi  .     . 

2.95 

1 

1 

3.36 
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Stabs  ot  thb  Thibd  Maokitude — continue. 


• 

Star. 

Vulnr 

Photo. 
Scale. 

Star. 

YQlnur 
ScSe. 

Pboto. 
Scde. 

3  Scorpii     .    . 

2.96 

3.37 

;^  Arg^  .    .     . 

3.26 

8.67 

{'Centauri  .     . 

2.96 

3.37 

3Hydri.    .    . 

3.27 

3.68 

i  Ophiuchi .    . 

2.97 

3.38 

f  Persei .     .     . 

3.27 

3.68 

a  Aquarii    .     . 

2.97 

3.38 

{"Herculis  .     . 

3.28 

3.69 

V  ArgCb  .    .    . 

2.98 

3.39 

e  Corvi  .    .     . 

3.28 

3.G9 

y  Aquilffi     •    . 

2.98 

3.39 

1  AurigsD     .    . 

8.29 

3.70 

8  Cassiopeis    . 

2.99 

3.40 

y  Urs.  min. .     . 

3.30 

3.71 

9  Centauri  .     . 

2.99 

3.40 

ri  Pegasi      .     . 

3.31 

3.72 

aLeporis    .    . 

3.00 

3.41 

p  ArsB     .     •     • 

3.31 

3.72 

5  Ophiuchi .    . 

3.00 

3.41 

a  Toucani    .     , 

3.32 

3.73 

{*  Sagittarii .     . 

3.01 

3.42 

fi  Capricomi    . 

3.32 

3.73 

1}  Bootis .    .    . 

3.01 

3.42 

p  Argus  .    •    . 

3.32 

3.73 

ri  Braconis  .    . 

3.02 

3.43 

i  Aquilff)     .     . 

3.32 

3.78 

w  Ophiuchi .     . 

3.05 

3.46 

fi  Cygni  .    .    . 

3.33 

3.74 

fi  Draoonis  .     . 

3.06 

3.47 

y  Persei  .    .    . 

3.34 

3.75 

fi  Lihne  .    .    . 

3.07 

3.48 

fiVrssd  .    .    . 

3.35 

3.76 

y  Virginia    .     . 

3.08 

3.49 

fi  Triang.  bor.  . 

3.35 

3.76 

fi  Argils  .    .     . 

3.08 

3.49 

w  Scorpii     .     . 

3.35 

3.76 

jS  Arietis     .     . 

3.09 

3.50 

fi  Leporis    .     . 

3.35 

3.76 

•>  Fegasi      .     . 

3.11 

3.52 

7  Lupi    .     .     . 

3.36 

3.77 

5  Sagittarii .     . 

3.11 

3.52 

8  Persei .     .     . 

3.36 

3.77 

a  LibrsB  .     .     . 

3.12 

3.53 

i(f  UrssB   .     .     . 

3.36 

3.77 

A  Sagittarii .     . 

3.13 

3.54 

ff  Aurigaj  (Var.) 

3.37 

3.78 

j8  Lupi    .     .     . 

3.14 

3.55 

V  Scorpii     .     • 

3.37 

3.78 

€  Virginia  ? .     . 

3.14 

3.55 

1  Ononis    .     . 

3.37 

3.78 

a  ColnmbfiB .     . 

3.15 

3.56 

y  Lyuci^      .     . 

3.39 

3.80 

1^  AurigsB     .     . 

3.17 

3:58 

{"Draconis  ,     . 

3.40 

3.81 

fi  Herculis  .     . 

3.18 

3.59 

a  Arse     .     .     . 

3.40 

3.81 

t  Centauri  .     . 

3.20 

3.61 

w  Sagittarii  .     . 

3.40 

3.81 

5  Capricomi    . 

3.20 

3.61 

w  Herculis   .     . 

3.41 

3.82 

8  Corvi  .     .     . 

3.22 

3.63 

fi  Can.  min.  ?   . 

3.41 

3.82 

a  Can.  ven. .     . 

3.22 

3.63 

f  Tauri  .     .     . 

3.42 

3.83 

fi  Ophiuchi .     . 

3.23 

3.64 

8  Draconis  .     . 

3.42 

3.83 

8  Cygni  .     .     . 

3.24 

3.65 

fjL  Geminonim  . 

3.42 

3.83 

€  Persei  .     .     , 

3.26 

367 

7  Boot-is      .     . 

3.43 

3.84 

71  Tauri  ?      .     . 

3.26 

3.67 

«  G^minorum  . 

3.43 

3.84 

iSEridani    .     . 

3.26 

3.67 

a  Musc»     .     . 

.3.43 

3.84 
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Stabs  of  thb  Thibd  MAGXim>E~/Y>ff//jvvA/. 


8Ur. 


!Va1|Fftr    Photo. 
Scale.     Scale. 


aHydri?    . 
T  Scorpii 
B  Herculb  . 
B  Gemmonim 
q  Ononis    . 
B  Cephei     . 
^  Tns  .    . 
f  Hydro 
y  Hydno 


3.4i 
I  3.41 
!  3.44 
3.41 
3.45 
3.45 
!  3.45 
<  3.45 

3.46 

I 


^    I 


I 


3.85 
3.85 
3.85 
3.85 
3.86 
3.86 
3.86 
3.86 
3.87 


Star. 


0  Triang.  austr.  j  3.46   {  3.87    •    t  Argiis  . 


I  j 

1  Vulnr  ' 
■  Scale. 


I  I.  FS8D     ... 

i|  Aurige     .  . 
y  JjvTtd   . 

If  Gkminoruxn  . 

y  Cepbd      .  . 

ac  TJrss  .     .  . 

€  Cassiopeue  . 

^  AquiUe     .  . 
0*  Scorpii 


!  3.46 
<  3.46 
j  3.47 
;  3.48 
I  3.48 
I  3.49 
I  3.49 
3.50 
3.50 
3.50 


Photo,  i 
Scale.  I 


I 


\ 


I 

I 


3.87 
3,87 
3.88 
3.89 
3.89 
3.90 
3.90 
3.91 
3.91 
3.91 


'^The  following  statement  of  the  Quantities  of  Light  in  17  Stars 
of  the  First  Magnitude  (as  they  follow  firom  the  photometric  mag- 
nitudes) may  possess  some  interest : — 


Sirius       ....  4.165 

i|  Argus      ....  — 

Ganopus  ....  2.041 

a  Centauri  ....  1.000 

Arcturus.    .    .    .  0.718 

Sigel 0.661 

Oapella    ....  0.510 

a  Lyre 0.510 


a  Ononis    ....  0.489 

a  Eridani   ....  0.444 

Aldeharan    .     .     .  0.444 

fi  Centauri  ....  0.401 

o  Cruris      ....  0.391 

Antares    ....  0.391 

aAquils     ....  0.350 

Spica 0.313 


Procyon  ....    0.510 
as  may  also  the  Quantities  of  Light  in  Stars  which  are  exactly  of  the 
First  to  the  Sixth  Magnitudes : 

Quantity  of  light. 


Habitude  accordini;  to 
the  vulgar  scale. 

1.00 
2.00 
3.00 
4.00 
5.00 
6.00 


0.500 
0.172 
0.086 
0.051 
0.034 
0.024 


the  quantity  of  light  in  a  Centauri  heing  the  unit  throughout.* 
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Q*')  p.  86.— Kosmofl,  Bd.  iii.  S.  40  and  57,  Anm.  82  and  83  (EogM 
edition,  p.  39,  and  Notes  78  and  79). 

(*«)  p:  87.-'Ko8mo8,  Bd.  i.  S.  185  and  428,  Anm.  14  (EngUsh  editioB, 
p.  168,  Note  144). 

Q^)  p.  89.— On  the  Space-penetrating  Power  of  Tdeaeopes,  in  Sir  Jobn 
Ilerschel's  Outl.  of  Astr.  $  803. 

("^  p.  89. — I  cannot  attempt  to  compress  within  the  limits  of  a  note  all 

the  reasons  upon  which  Argdander's  views  are  founded.     It  will  be  sofBdeat 

for  me  to  insert  the  following  extracts  from^  some  of  his  letters  to  iryself :— 

*'  A  few  years  ago  (1843)  you  requested  Captain  Schwink  to  estimate  for  yoa 

the  uumber  of  stars  visible  on  the  whole  celestial  vault,  from  the  Ist  to  the 

7  th  magnitude  inclusive,  according  to  the  proportion  of  those  entered  in  Ui 

Mappa  ccclcstis.     He  finds  12148  stars  between  —30''  and   •«-90*'  Decl; 

oonsequeutly,  assuming  the  same  frequency  of  stars  from  —80°  Bed.  to  the 

South  Pole,  there  would  be  in  the  entire  firmament  16200  stars  of  the  aboie* 

named  mai^nitudes.    This  estimation  seems  to  me  also  to  come  very  near  tiie 

truth.    AVe  know  that,  if  we  only  consider  the  general  mass,  each  suocessife 

class  or  magnitude  contains  about  three  times  as  many  stars  as  the  preceding 

one  (Striive,  Catalogus  Stellarum  duplidum,  p.  xxxiv. ;  Argelander,  Bonner 

Zoncn,  S.  ixvi.)     Now  in  my  Uranom^trie  I  have  1441  stars  of  the  6tk 

magnittidc  North  of  the  Equator,  whence  there  would  follow,  for  the  entire 

heavens,  about    3000;    but  this  does  not  include  stars  of  the  6*7  mag* 

nitude,  which  yet,  if  whole  classes  only  were  coimted,  would  be  reckoned 

as  belonging  to  the  6th  class.    I  think  we  might  take  these  at  1000  :  so  that 

we  should  have  4000  stars  of  the  6th  magnitude ;  and  thus,  according  to  the 

above-mentioned  rule,  12000  stars  of  the  7th  magnitude, — or  18000  stais 

from  the  1st  to  the  7th  magnitude  inclusive.     I  arrive  at  a  rather  more 

exact  conclusion,  by  means  of  other  considerations  respecting  the  number  of 

stars  of  the  7th  magnitude  which  I  have  marked  in  my  zones,  viz.  2231 

(pa^  xxvi.) ;   having  regard  to  stars  which  have  been  observed  more  thsa 

once,  and  to  those  which  have  probably  been  overlooked.    In  this  way  I  find, 

between  45°  and  80°  North  Decl.,  2340  stars  of  the  7th  magnitude,  and  thence, 

over  the  whole  heavens,  about  17000  stars.     Struve,  in  the  Description  de 

rObservatoire  de  Poulkova,  p.  268,  gives  the  number  of  stars  down  to  the  7th 

magnitude,  in  the  region  of  the  heavens  examined  by  him  {i.  e.  —  IB^'to 

+  90°),  13400 ;  whence  there  would  follow,  for  the  entire  heavens,  21800. 

According  to  the  Introduction  to  Weisse's  Catal.  e  Zonis  Regiomontanis  ded. 

p.  xxxii.,  Struve  finds,  by  the  calculus  of  probabilities,  8903  stars  from  the 
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Ist  to  the  7t1i  magnitude  in  the  zone  from  —15°  to  + 15° ;  whence,  in  the 
whole  heavens,  15050  such  stars.  This  number  is  less  than  mine,  because 
Bessel  estimated  the  brighter  stars  about  half  a  magnitude  lower  than  I  did. 
It  is  only  a  mean  number  which  we  can  look  for  here ;  and  this  we  might 
take,  therefore,  at  18000  stars  from  the  Ist  to  the  7th  magnitude  inclusive. 
In  the  passage  of  the  Outlines  of  Astronomy,  p.  521,  of  which  you  remind 
me,  Sir  John  Hersohel  speaks  only  of  the  stars  already  registered :  *  The 
wfade  nnmber  of  stars  already  registered,  down  to  the  7th  magnitude 
inclasive,  amounting  to  from  12000  to  15000.'  As  respects  the  fainter  stars 
of  the  8th  and  9th  magnitudes,  Struve  finds,  in  the  above-mentioned  zone  of 
—15^  to  +13°,  of  stars  of  the  8th  magnitude,  10557 ;  and  of  stars  of  the 
9th  magnitude,  87739 :  consequently,  for  the  whole  heavens,  40800  stars  of 
the  8th,  and  146800  stars  of  the  9th  magnitude.  Thus  we  should  have, 
■eeording  to  Struve,  from  the  1st  to  the  9th  magnitude  inclusive, 
15100 -f  40800  •«- 145800=201700  stars.  These  numbers  were  found  by 
Stnive  by  carefully  comparing  those  zones  or  parts  of  zones  which  included 
the  same  parts  of  the  heavens ;  and  from  the  number  of  stars  common  to 
them,  and  the  number  of  those  which  were  different,  concluding,  by  the 
celenliu  of  probabilities,  the  number  of  stars  actually  existing.  This  calcu^a- 
tioii  deserves  very  great  confidence,  as  a  large  number  of  stars  have  contributed 
to  form  its  basis.  Bessel  has  entered  in  the  whole  of  his  zones  between 
—15°  and  -1-45°,  about  61000  dififereut  stars  from  the  1st  to  the  9th  magni- 
tude inclusive  (after  deducting  stars  observed  more  than  once,  and  stars 
of  9'10  magnitude);  whence,  taking  into  account  those  which  have 
been  probably  overlooked,  there  would  follow,  for  the  part  of  the  heavens 
which  has  been  mentioned,  about  101500  of  the  magnitudes  in  question.  My 
tones  between  +45°  and  +  80°  contain  about  22000  different  stars  (Dnrch- 
mustemng  dcs  nordl.  Himmels,  S.  xxv.) :  from  this  nnmber  we  must  deduct 
about  8000  of  the  9*10  magnitude;  leaving  19000.  My  zones  are 
somewhat  richer  than  Bessel's,  and  I  do  not  think  I  can  assume  more  than 
28500  as  the  nnmber  of  actually  existing  stars  within  their  limits  (between 
+  45°  and  +80°)  :  so  that  we  should  have  180000,  to  the  9th  magnitude 
ioclusive,  between  —15°  and  +80°.  This  is  about  0*62181  of  the  entire 
beavens ;  so  that,  assuming  a  generally  equable  distribution,  we  should  have 
over  the  entire  firmament  209000  stars,  or  thus  again  nearly  the  same  number 
18  that  assigned  by  Struve :  perhaps  even  it  may  be  one  not  inconsiderably 
greater,  as  Struve  has  reckoned  the  stars  of  9*10  magnitude  as  belonging  to  the 
9th  magnitode.    The  numbers  which,  according  to  my  views,  I  should  say 
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migbt  be  aasamed  for  the  entire  bearens,  would  tbns  be—lst  mag.  20,  U 
mag.  65,  3d  mag  190,  4th  mag.  425,  5th  mag.  1100,  6tb  mag.  3200,  7tii 
mag.  13000, 8th  mag.  40000,  9th  mag.  142000 ;  making  together,  from  the 
Ist  to  the  9th  magnitndea  inclnsi?e,  2000QP  stars.  If  yon  should  objeet  to 
me,  that  Lalande  (Hist,  celeste,  p.  iv.)  giyes  the  number  of  stars  visible  to  the 
naked  eye,  obserred  by  himself,  at  6000, 1  shoold  remark  in  reply  that  then 
are  amongst  them  very  many  observed  more  than  once ;  and  that,  omittiBg 
these,  we  arrive  approximately  at  only  3800  stars  for  the  part  of  the  heaveai 
comprised  by  Lalande's  observations — t.  e,  between  —26^30^  snd  +9(f. 
As  this  is  0*72310  of  the  entire  heavens,  the  resulting  number  of  stars  vinbk 
to  the  naked  eye  throughout  the  firmament  wonld  again  be  5255.  A  reriev 
of  the  Uranography  of  Bode,  composed  from  very  heterogeneous  danesti 
(17240  stars),  after  deducting  nebnlse  and  smaller  stars,  as  well  as  stanof 
6*7  magnitude  raised  to  the  6th  magnitude,  gives  not  above  5600  stars  fron 
the  Ist  to  the  6th  magnitude  inclusive.  A  similar  estimation  for  the  whob 
heavens,  corresponding  to  the  number  of  stars  from  the  1st  to  the  6th  mi^ 
tnde  inclusive,  registered  by  Lacaille,  between  the  South  Pole  and  tie 
Tropic  of  Capricorn,  confirms  also  the  mean  result  previously  given  to  yoi, 
since  it  falls  between  the.  limits  of  3960  and  5900.  You  see  that  I  have 
willingly  endeavoured  to  fulfil  your  wish  for  a  more  thorough  investigstionof 
the  numbers.  I  may  add  that  Heis,  of  Aix-la-Chapelle,*has  been  for  severd 
years  engaged  in  an  exceedingly  careful  revision  of  my  Unnomifarie. 
According  to  the  portion  of  this  work  which  is  already  completed,  and  aooord* 
ing  to  the  considerable  augmentations  which  have  been  made  to  my  Urmo- 
mkrie  by  an  observer  gifLed  with  more  acute  vision,  I  find  for  the  Northed 
Hemisphere  2836  stars  from  the  let  to  the  6th  magnitude  inclusive:  m^ 
hence,  on  the  assumption  of  equal  distribution  over  the  whole  firmament,  «• 
have  again  5672  stars  visible  to  highly  acute  unassisted  vision"  (MS. 
communication  from  Professor  Argelander,  March  1850). 

Q^)  p.  90. — Of  stars  down  to  the  6th  magnitude,  Schubert  reckoned  tbe 
number  for  the  whole  heavens  at  7000, — almost  the  same  as  the  nnmlMr 
assumed  by  me  in  the  first  volume  of  Cosmos  (English  edition,  p.  140),  m^ 
for  the  horizon  of  Paris  above  5000 ;  and  down  to  the  9th  magnitude  indosifB 
for  the  whole  sphere,  70000  (Astronomie,  lli.  lii.  S.  54).  All  these  nnmben 
are  considerably  too  high.  Argelander  finds,  from  the  1st  to  the  8th  magai* 
tude,  only  58000. 

Q^  p.  90. — "  Patrocinatnr  vastitas  oooli,  immensa  discreta  altitudinc^  ii 
duo  atque  septuaginta  signa.    Hsec  sunt  rerum  et  animantium  effigiei»ii 


NOTES.  xlix 

qnas  digessere  ccduTn  periti.  In  his  quidcm  mille  sexcentas  adnotavere 
•telias,  insigncs  videlicet  efifectu  visuve."  .  .  .  (Plin.  ii.  41.)  "Hipparchus 
nnnqoam  satis  laudatus,  ut  quo  nemo  mngis  npprobaverit  cognationem  cum 
bomine  sidcrnm  animasque  nostras  partem  esse  cccli,  novam  stellam  ct  aliam 
in  evo  suo  genitam  deprehendit,  ejusqne  motn,  qua  die  fulsit,  ad  dubitationem 
art  addnctus,  anne  hoc  ssepius  fieret  movcrenturque  et  ese  quas  putamus 
affixas ;  iteraqne  ausns  rem  etiam  Deo  improbam,  adnumerare  posteris  stellas 
ae  sidera  ad  uomen  expungere,  organis  excogitntis,  per  qnro  singnlamm  loca 
atque  magnitndines  signaret,  nt  facile  disccrni  posset  ex  eo,  non  modo  an 
obirent  nasccrentnrve,  sed  an  omnino  aliqua  transirent  moverentnrve,  item  an 
ereaoercnt  minncrentnrqne,  ccclo  in  hereditate  cnnctis  relicto,  si  quisquam  qui 
eretionem  earn  caperet  inventus  esset"  (Pliu.  ii.  26). 

('^  p.  91.— Delambre,  Hist,  de  TAstr.  anc.  T.  i.  p.  290 ;  and  Hist,  de 
TAstr.  mod.  T.  ii.  p.  186. 

(*'*)  p.  91. — Outlines,  §  831 ;  Edonard  Biot  sur  les  Etoiles  Extraordinaires 
obaervees  en  Chine,  in  the  Co^naissance  des  Temps  pour  1846. 

("*)  p.  91. — It  is  to  Aratusthat  the  Apostle  Paul  refers  with  implied  praise 
IB  bis  discourse  at  Athens  (Acts,  ch.  xvii.,  v.  28).  The  name  is  not,  indeed, 
Mentioned,  but  it  is  impossible  to  mistake  th«  allusion  to  a  passage  from 
Aratns  (Phsen.  v.  5)  on  the  community  of  mortals  with  the  Deity.  Aratus  is 
abo  Bingnlarly  enongh  referred  to  at  a  not  very  different  date  by  Ovid 
(Amor.  i.  15). 

("•)  p.  92. — Ideler,  Untersuchungen  iiber  den  Ursprung  dor  Sternnamen, 
S.  80—35.  Baily,  in  the  Mem.  of  the  Astron.  Soc,  Vol.  xiii.  1843,  pp.  12 
and  15,  also  treats  of  the  dates  according  to  the  Christian  era,  with  which  wc 
abonld  connect  the  observations  of  Aristyllus,  as  well  as  the  Star  tables  of 
Hipparchus  (128,  not  140,  B.C.),  and  of  Ptolemy  A.D.  138. 

C")  p.  92.— Compare  Delambre,  Hist,  de  1' Astr.  auc.  T.  i.  p.  1 84 ;  T.  ii.  p. 
260.  The  statement,  that  although  Hi])parchus  always  designates  the  stars 
bj  tbeir  Right  Ascension  and  Declination,  yet  that  his  Star-catalogue,  like 
tbat  of  Ptolemy,  was  arranged  according  to  longitude  and  latitude,  appears 
to  bave  little  probability  in  its  favour ;  and  is  in  contradiction  to  the  Almagest, 
book  vii.  cap.  4,  where  the  relations  to  the  Ecliptic  are  f>poken  of  as  some- 
thiog  novel,  tending  to  facilitate  the  knowledge  cf  the  movement  of  the  fixed 
start  round  the  pole  of  the  Ecliptic.  The  Star-table  with  appended  longitudes, 
dbeovered  by  Petrns  Victorius  in  a  Mcdicean  codex,  and  published  with  the 
lifa  of  Aratns,  at  Florence,  in  1567,  is  indeed  attributed  by  him  to  Hipparchus 
but  without  proof.     It  appears  to  be  a  mere  transcript  of  Ptolemy's  Table, 
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from  an  oU  raaniiscript  of  the  Almagest,  omittiDg  all  the  latitudes.    Ai 
Ptolemy  was  bat  imperfectly  acqaaiated  with  the  ainoant  of  the  retrogresnoa 
of  the  equinoctial  and  solstitial  points,  (Almag.  vii.  c.  2,  p.  13,  Halma),  &d4 
had  assumed  it  about  0  28  too  slow,  his  table  (Ideler,  in  the  work  abo?e  cited, 
p.  34),  which  he  intended  to  correspond  to  the  beginning  of  the  reiga  of 
Antoninus,  gives  the  places  of  the  stars  for  a  much  earlier  epoch  (».  e.  for  tke 
year  A.D.  63).     Compare  also  considerations  and  tables  for  facilitating  the 
reduction  of  modern  star  places  to  the  time  of  Hipparchns,  given  by  Endnia 
Schumacher's  Astr.  Nachr.,  No.  608,  S.  113  to  126.     The  earlier  epoch  for 
which,  unknown   to  its  author,  Ptolemy's  table  represents  the  firmament, 
coincides  very  probably  with  the  epoch  to  which  we  may  refer  the  CatasteriaiM 
of  the  Pseudo-Eratosthenes,  which,  as  I  have  already  remarked  elsewhere,  are 
later  than  the  Angustean  Hyginus,  appear  to  be  taken  from  him,  and  ire 
unconnected  with  the  poem  of  Hermes  by  the  true  Eratosthenes.     (Entoe- 
thenioa,  composuit  God.  Bernhardy,  1822,  p.  114,   116,  and  129.)    l^eee 
Catasterisms  of  the  Pseudo- Eratosthenes  contain  barely  700  separate  stan 
distributed  among  the  mythical  constellations. 

C^®)  p.  93.  -Kosmos,  Bd.  ii.  S.  260  and  433;  English  edition,  p.  224, 
and  Ixix.  note  354.  The  Paris  Library  possesses  a  manuscript  of  the  Ilklia- 
niau  Tables,  written  by  the  hand  of  the  son  of  Nassir-Eddin.  They  take  thdr 
name  from  the  title  likhau,  assumed  by  the  Tartar  princes  who  reigoed  io 
Persia.     Reinaud  Introd.  de  la  Geogr.  d'Aboulfeda,  1848,  p.  139. 

('7»)  p.  93.-Sedillot  fils,  Prolegomeues  des  Tables  Astr.  d'Olong-Beg, 
1847,  p.  134;  Note  2 ;  Delambre,  flist.  de  I'Astr.  du  moyen  fige,  p.  8. 

(*®®)  p.  93. — In  my  examinations  into  the  relative  value  of  astronomical 
determinations  of  geographical  positions  in  the  interior  of  Asia,  (Asie  Centrele, 
T.  iii.  p.  581 — 596),  I  have  given  the  latitudes  of  Samarcand  and  Bokhara 
according  to  the  different  Arabian  and  Persian  manuscripts  in  the  Paris  Ii* 
brary.  I  have  shewn  that  the  latitude  of  Samarcand  is  probably  above  89°  52', 
while  the  greater  number  and  best  MSS.  of  Ulugh  Beig  have  39^  87',  and  the 
Kitab  al-athual  of  Alfare8,and  the  Kanun  of  Albyruni,  40^  I  think  it  right 
again  to  call  att'^ntion  to  the  importance  to  geography  and  to  the  history  of 
astronomy,  of  a  new  and  trustworthy  determination  of  the  latitude  and  longi« 
tude  of  SamarcaL J.  We  know  the  latitude  of  Bokhara  by  culminatioDS  of 
stars  from  Burnes'  Travels ;  they  make  it  SO""  43'  41^  This  wouM  give  the 
errors  of  the  two  fine  Persiau  and  Arabian  MSS.  (Nos.  164  and  2460)  in  the 
Paris  Library  at  only  7  to  8  minutes;  but  Major  Rennell,  generally  so  happy 
in  his  combinations,  would  have  been  in  error  39'  for  the  latitude  of  Bokhari. 
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(Humboldt,  Asie  Centrale,  T.  iii.  p.  592 ;  and  Sedillot  ia  the  ProlegomeDcs 
d'Olong-Beg,  p.  128--125.) 

O")  p.  94.— Kosmos,  Bd.  ii.  S.  327—332,  and  485  Aum.  5—8  ;  English 
edition,  p.  287—292,  and  notes  446—448 ;  Humboldt,  Exaraen  Critique  de 
I'HiBtoire  de  la  G^ographie,  T.  iv.  p.  321—336 ;  T.  v.  p.  226—238. 

("•*)  p.  94. — Cardan!  Paralipomenon,  lib.  viii.  cap.  10 ;  (0pp.  T.  ii.  ed. 
Lngd.  1663,  p.  508). 

(••^  p.  95.— Kosmos,  Bd.  i.  S.  90  -93 :  Eng.  edition,  p.  78—80. 

('•*)  p.  96. — Baily,  Catalogue  of  those  Stars  in  the  Histoire  C^este  of  Jerome 
Be  Lolande,  for  which  tables  of  reduction  to  the  epoch  1800  have  been  pub- 
luhed  by  Prof.  Schumacher,  1847,  p.  1195.  On  the  benefits  of  complete 
Star-catalognes,  see  the  remarks  of  Sir  John  Herschcl,  Cat.  of  the  British 
Assoc.,  1845,  p.  4,  S.  10.  Compare  also,  respecting  Missing  Stars,  Schu- 
Bwher,  Astr.  Nachr.,  No.  624,  and  Bode's  Jahrb.for  18)7,  S.  249. 

("*)  P»  97. — Memoirs  of  the  Royal  Astron.  Soc,  Vol.  xiii.  1843,  pp.  33 
•ad  168. 

0**)  P'  97. — Bessel,  Fundamenta  Astronomise  pro  anno  1755,  deducta  ex 
obtervatioDihus  viri  incomparabilis  James  Bradley  in  Specula  astronomica 
OrenoTicensi,  1818.  (Compaie  also  Bessel,  Tabulee  Regiomontanro  reduc- 
tionam  obseryationnm  astronomicarnm  ab  anno  1750  usque  ad  annum  1850 
eomputatee,  1830.) 

(••^  p.  97. — I  compress  into  a  note  a  brief  list  of  Star-Catalogues  contain- 
ing lesser  masses,  or  a  smaller  number  of  positions,  adding  the  name  of  the 
obierver,  and  the  number  of  the  determinations  of  place.  Lacaille  (who 
oibaerved  for  barely  ten  months  in  1751  and  1752,  and  with  a  magnifying 
power  of  only  eight  times),  9766  southern  stars  to  the  7th  magnitude  inclu- 
mn,  reduced  to  the  year  1750  by  Henderson ;  Tobias  Mayer,  998  stars  for 
1756 ;  Flamsteed,  originally  2806,  hut  augmented  by  Baily*s  care  by  564 
additioDal  (Mem.  of  the  Astr.  Soc.  Vol.  iv.  p.  129-164);  Bradley,  3222, 
redaced  by  Bessel  to  the  year  1755;  Pond,  1112;  Piazzi,  7646  stars  for 
1800;  Groombridge,  4243,  mostly  circumpolar  stars,  for  1810;  Brisbane 
and  Riimker,  7385  southern  stars,  observed  in  New  Holland  in  the  years 
1822—1828;  Airy,  2156  stars,  reduced  to  the  year  1845  ;  llumker,  12,000, 
OD  the  Hamburg  horizon ;  Argelander  (Cat.  of  Abo),  560 ;  Taylor  (Ma- 
dm),  11015.  The  British  Association  Catalogue,  1845,  reduced  under  Mr. 
Bnlj'a  saperintendence,  contains  8377  stars,  from  the  1st  magnitude  to  the 
7|.  Fbr  the  most  southern  stars,  we  have  besides,  the  rich  registers  of 
BcndenoD,  lUlows,  Maclear,  and  Johnson  at  St.  Helena. 
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C**)  p.  98.— Weisse,  Positiones  mediee  atellaram  fixarnm  in  Zonis  Regio- 
tnoDtauis  a  Besselio  inter — 15°  et  -f-   15°  decl.  observataram  ad  aDnnm    / 
1825,  reductee  (1846) ;  with  an  important  Preface  by  Strove. 

(>^)  p.  90.— Encke,  Gedachtniss  rede  auf  Bessel,  S.  13. 

('»<')  p.  99.— Compare  Strove,  Etudes  d'Astr.  atellaire,  1847,  p.  66  and 
72  ;  Kosmos,  Bd.  i.  S.  156  (English  edition,  p.  140) ;  and  Madler  Astr.  4th 
Aufl.  S.  417. 

('<>*)  p.  102.— Kosmos,  Bd.  it  S.  197  and  432,  Anm.  11  (English  edition, 

163,  and  note  251). 

(»»^)  p.  102.— Ideler,  Unters.  uber  die  Sternnamen,  S.  xi;  47,  139,  144, 
ami  243;  Letronne  sar  rOrigine  dn  Zodiaqne  grec  1840,  p.  25. 

C'^)  p.  103. — Letronne,  id.  p.  25,  and  Carteron,  Analyse  des  Recherdia 
de  M.  Letronne  sur  les  Representations  Zodiacales,  1843,  p.  119 ;  **  H  est 
tres  douteuz  qn'Eudoze  (01.  103)  ait  jamais  employe  le  mot  Z*>f^uuoi» 
On  le  trouve  poar  la  premiere  fois  dans  EnoUde  et  daos  le  Comroentaire 
d'llippnrque  sur  Aratns  (01.  160).  Le  nom  d'ediptique  sicXciTrruroc  at 
anssi  fort  recent."  (Compare  Martin  in  the  Commentary  to  Hwoaii 
Smvrnsci  Platonici  Liher  de  Astronomia,  1849,  p.  50  and  60.) 

{^^*)  p.  103. — Letronne,  Orig.  du  Zod.  p.  25,  and  Analyse  crit.  des  Repr^ 
Zod.  1846,  p.  15.  Ideler  and  Lepsias  also  consider  it  probable  that  "tin 
knowledge  of  the  Chaldean  zodiac,  both  as  respects  the  division  and  tbe 
name,  had  reached  the  Greeks  as  early  as  the  7th  centary  before  our  era,  bot 
that  the  reception  of  the  several  zodiacal  figures  into  the  Grecian  astronomi- 
cal literature  was  later,  and  only  followed  gradually"  (Lepsius,  Chrouolog;ie 
der  ^gypter,  1849,  S.  65  and  124).  Ideler  is  inclined  to  believe  that  the 
Orientals  had  for  their  twelve  divisions  (Dodecatomery)  names,  but  without 
figures ;  Lepsius  thinks  it  natural  to  suppose  "  that  the  Greeks,  at  a  time 
when  their  sphere  was  in  great  part  unoccupied,  would  add  to  their  owo 
the  Chaldean  constellations  from  which  the  twelve  divisions  were  named." 
But,  on  this  supposition,  might  we  not  ask  why  the  Greeks  should  have  had 
at  first  only  eleven  signs,  and  not  all  the  twelve  signs  of  the  Chaldean 
Dodecatomery  ?  If  they  had  received  twelve  figures,  they  would  surely  not 
have  cut  out  one  to  replace  it  subsequently. 

('**)  p.  104. — On  the  passage  referred  to  in  the  text,  and  interpolated  by  a 
transcriber  as  if  belonging  to  Hipparchus,  see  Letronne,  Orig.  du  Zod.  1840, 
p.  20.  As  early  as  1812,  when  I  was  myself  still  inclined  to  suppoeethat 
the  Greeks  had  been  very  early  acquainted  with  the  sign  of  the  Balanoe,  I 
pointed  out,  in  a  carefully  written  memoir  on  the  passages  from  Greek  and 
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IBoman  Antiquity,  in  which  the  name  of  the  Balance  as  a  zodiacal  sign 
ocean,  the  passage  of  Hipparchas  (Comment,  in  Aratnro,  lib.  iii.  cap.  2),  in 
'  which  there  is  mention  of  the  ^ijpiov  which  holds  the  Centaur  (by  his  fore- 
foot), as  well  as  the  remarkable  passage  of  Ptolemy,  lib.  ix.  cap.  7  (Halma, 
T.  ii.  p.  170).  In  this  latter  passage  the  southern  Balance  is  named,  with 
the  addition  xarA.  Xa\daiovQj  and  is  opposed  to  the  Pincers  (Scheeren)  of 
the  Scorpion,  in  an  observation  certainly  not  made  in  Babylon,  but  by  the 
astrological  Chaldeans  scattered  in  Syria  and  Alexandria  (Vues  des  Cordill^res 
et  Monnmens  des  penples  indigenes  de  TAmerique,  T.  ii.  p.  380).  Buttmann 
was  disposed  to  think,  but  which  seems  little  probable,  that  the  xijXai  had 
originally  signified  the  two  scales  of  the  Balance,  and  were  afterwards  by  a 
miaanderstanding  converted  into  the  pincers  of  a  scorpion.  (Compare  Ideler 
**  Untersuchungen  iiber  die  astronomischen  Beobachtungcn  der  Alten, " 
S.  874,  and  the  same  wriler,  "  iiber  die  Sternnamen,**  S.  174 — 177,  with 
GarteroD,  "  Recherches  de  M.  Letronne,"  p.  113).  In  the  analogy  between 
many  names  of  the  twenty-seven  "  houses  of  the  moon,"  and  the  Dodeca- 
tomery  of  the  zodiac,  it  has  always  appeared  to  me  remarkable  that  we  find 
the  sign  of  the  Balance  among  the  certainly  very  ancient  Indian  Nakscbatras 
(mooD-hoases).     (Vues  des  Cordill^res,  T.  ii.  p.  6 — 12.) 

(**)  p.  104. — Compare  A.  W.  von  Schlegel  iiber  Sternbilder  des  Thier- 
kreises  im  alten  Indien,  in  der  Zeitschrift  fiir  die  Knnde  des  Morgenlandes, 
Bd.  L  Heft  3,  1 837,  and  his  Commentatio  de  Zodiaci  autiquitate  et  origine, 
1889,  with  Adolph  Holtzmann  iiber  den  griechischen  Ursprung  des  indischen 
Thierkreises,  1841,  S.  9,  16,  and  23.  In  the  last-named  work,  it  is  said :  — 
The  passages  adduced  from  the  Amarakoscha  and  the  Ramayana  are  not  of 
doabtful  interpretation — they  speak  in  the  clearest  terms  of  the  zodiacal  circle 
itadf ;  but  if  the  works  which  contain  them  were  composed  before  the  know- 
ledge of  the  Greek  Zodiac  could  have  reached  India,  it  ought  to  be  closely 
aamined  whether  those  passages  are  not  more  recent  interpolations." 

(*")  p.  105  ~  Compare  Buttmann  in  the  Berlin  Astron.  Jahrbuch  for 
1822,  S.  93 ;  Olbers,  on  the  more  modern  constellations,  in  Schumacher's 
Jahrbuch  for  1840,  S.  238—251,  and  Sir  John  Herscbel,  Kevision  and  Re- 
trrangement  of  the  Constellations  with  special  reference  to  those  of  the 
Soathem  Hemisphere,  in  the  Memoirs  of  the  Astr.  Soc,  Vol.  xii.  p.  201 — 
224  (with  a  very  exact  distribution  of  the  Southern  Stars  of  the  1st  to  4th 
magnitades).  On  the  occasion  of  the  formal  discussion  between  Lalande  and 
Bode,  respecting  the  introduction  of  Lalande*8  house-cat  and  of  a  harvest- 
(Messierl),  Olbers  complains,  that  in  order  to  make  room  for  new 
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figarea,  "  Ajidromeda  must  lay  her  arm  in  another  place  than  that  wliid  it 
has  occopied  for  8000  years." 

(*>^  p.  105.— Kosmos,  Bd.  iii.  S.  37  and  53  (English  edition,  p.  28  lad 

note  5^. 

(^  p.  105.— According  to  Democritus  and  his  scholar  Metrodorm,  Stob 
Eclog.  phys.  p.  582. 

(^  p.  106.— Plat,  de  Plac.  PhU.  ii.  11 ;  Diog.  Laert.  vin.  77;  AchOki 
Tat.  ad  Arat.  cap.  5 ;  Efiir,  icpvirraXXiu^fl    rovrov   {rbv  ovpavbv)  ciW 
^ri<TiVf  kK  Tov  irayiTiitdovg  avXktykvra ;  so  also  we  find  only  the  expreaooa 
crystal-like  or  crystalline  in  Diog.  Laert.  viiL  77,  and  Galenus,  Hist.  phiL  U 
(Sturz,  Emi)edocle8  Agrigeut,  T.  i.  p.  821).     Lactantins  de  opifieio  Dd,  e. 
17:  an  si  mihi  quispiam  dixerit  aneum  esse  coelum,  ant  viireum,  aBt,Qt 
Empedocles  ait,  serem  fflaciatum^  statimne  asaentiar,  qnia  ccelnm  ex  qoaios- 
teria  sit  ignorem  ?     Respecting  this  coelnm  Titreum,  we  have  no  earlier  HeU 
lenic  evidence ;  for  only  one  celestial  body,  the  Snn,  is  termed  by  Philolaoi  a 
glass-like  or  vitreous  body,  which  receives  and  throws  back  to  us  the  nji 
from  the  central  fire.    The  view  of  Empedocles,  referred  to  in  the  text,oftke 
refieetion  of  the  solar  light  from  the  Moon,  speaking  of  the  latter  as  a  body 
which  had  consolidated  in  the  manner  of  hail  stones,  is  mentioned  by  PIq* 
tarch,  apud  Euseb.  Praep.  Evangel,  i.  p.  21,  D,  and  de  facie  in  orbe  Laos, 
cap.  5.     When  in  Homer  and  Pindar  the  epithets  ;^dXjccoc  and  aiS>}peoctun 
applied  to  TJranos,  it  is  only  in  a  figurative  sense,  like  hearts  of  brass,  ?oioe 
of  brass,  as  signifying  stedfast,  enduring,  imperishable  (Volcker  iiber  Hone* 
rische  Geographic,  1830,  S.  5).     The  word  KpvffTaWog  applied  to  the  ice- 
like,  transparent  substance  of  rock-crystal,  first  occurs  before  Pliny,  in  Dyo- 
nisius  Periegetes,  781,  ^lian,  xv.  8,  and  in  Strabo,  xv.  p.   717,  Casaub. 
The  supposition  that  the  idea  of  the  crystal  heavens,  as  a  vault  of  ice  (jkr 
glaciatus  of  Lactantins),  had  arisen  among  the  ancients,  from  observing,  when 
travelling  among  mountains,  the  increasing  cold  in  ascending,  and  from  the 
sight  of  snow-capped  mountains,  is  refuted  by  our  knowing  that  they  imagined 
a  fiery  ether  to  exist  at  the  limit  of  our  atmosphere  (Aristot.  Meteorol.  i.  3 ; 
de  CbbIo,  ii.  7,  p.  289).     In  speaking  of  the  music  of  the  spheres,  which, 
"  according  to  the  Pythagoreans,  is  unheard  by  men  because  it  never  ceases, 
and  sounds  are  only  heard  if  interrupted  by  silence,"  Aristotle  (de  CobIo,  ii. 
p.  290)  affirms,  singularly  enough,  that  the  motion  of  the  spheres  prodacfls 
heat  in  the  air  below,  but  without  heating  themselves.    Their  vibrations  pro- 
duce heat,  not  sound.     "  The  motion  of  the  sphere  of  the  fixed  stars  is  the 
most  rapid  (Aristot.  de  Cselo,  ii.  10,  p.  291) ;  and  while  this  sphere  and  the 
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bodies  attached  to  it  revolve  aroond,  the  space  nearest  thereto  is  continually 
heated  by  this  movemeut,  and  thas  there  is  produced  a  warmth  which  extends 
down  to  the  surface  of  the  earth"  (Meteorol.  i.  3,  p.  340).  I  have  always 
been  struck  by  the  circumstance  that  Aristotle  avoids  the  term  "  crystal 
heaven,"  although  the  expression  affixed  to  stars,  Mtdefikva  aoTga,  seems 
to  indicate  the  general  idea  of  solid  spheres,  but  without  specifying  the  kind 
of  material.  Cicero  is  not  very  intelligible  ou  this  point,  but  in  his  com- 
mentator (Macrobius  in  Cic.  Somninm  Scipionis,  i.  c.  20,  p.  99,  ed.  Bip.) 
we  find  traces  of  freer  ideas  respecting  the  decrease  of  heat  in  increasing 
hagbt.  According  to  him,  thr  extreme  zones  of  the  heavens  are  subject  to 
perpetual  cold.  "Ita  enim  non  solnm  terram  sed  ipsum  qnoque  ccelnm, 
quod  vere  mundus  vocatur,  temperari  a  sole  certissimum  est,  ut  extremitates 
qua,  qusB  a  via  solis  longissime  recesseruut,  omni  careant  beneiicio  caloris  et 
ana  frigoris  perpetuitate  torpescaut."  These  "  extremitates  coeli,"  in  which 
tlie  Bishop  of  Hippo  (Augustinus,  ed.  Antv.  1700,  i.  p.  102,  aud  iii.  p.  99) 
placed,  as  in  a  region  of  ice-cold  water,  the  uppermost  and  therefore  the  cold- 
eat  of  all  plauots,  Satura,  still  beloug  to  the  atmosphere,  for  it  is  only  still 
higher  above  this  extreme  limit  that,  according  to  an  earlier  statement  of 
Macrobins  (i.  c.  19,  p.  93),  is  placed  the  fiery  sether,  which,  strangely  enough, 
does  not  prevent  that  eternal  cold.  "Stella;  supra  coel inn  loeataj,  iu  ipso 
purissimo  sethere  sunt,  in  quo  omne,  quidquid  est,  lux  naturalis  et  sua  est 
(the  seat  of  self-luminous  heavenly  bodies),  quae  tota  cum  igne  suo  ita  spbseree 
•oUb  iocumbit,  ut  coeli  zouse,  quae  procul  a  sole  sunt,  perpetno  frigore  op- 
pressee  sint."  If  I  enter  into  so  much  detail  respecting  the  connection  of 
ideas  iu  meteorology  and  physics  entertained  by  the  Greeks  and  Romans,  it  is 
only  because,  excepting  in  the  works  of  Ukert,  Henri  Martin,  and  the  ex- 
eellent  fragment  of  Meteorologia  Veterum  by  Julius  Idelcr,  these  subjects 
bave  hithei'to  been  treated  only  in  a  very  incomplete,  and,  most  often,  super- 
feial  manner. 

(*")  p.  106.— That  fire  had  the  power  of  rigidifying  (Aristot.  Probl.  xiv.  11), 
and  that  the  formation  of  ice  itself  is  promoted  by  heat,  were  deeply-rooted 
opinions  in  the  Physics  of  the  Ancients,  resting  on  a  fanciful  antithetical 
theory  (Antiperistasis),  or  obscure  ideas  of  polarity  (a  calling  forth  of  opposite 
qaalities  or  states) ;  Kosmos,  Bd.  iii.  S.  15  and  29  (English  edition,  p.  15 
and  note  22).  Hail,  it  is  said,  is  formed  in  larger  masses  when  the  atmo- 
spheric strata  are  warmer  (A.iistot.  Meteor,  i.  12).  In  winter  fishing  on  the 
shores  of  the  Euxine,  hot  water  was  used  to  increase  the  formation  of  ice,  in 
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the  ncinity  of  au  oprighi  tube  (Alex.  AphrodU.  fol.  86,  and  Plut.  de  Primo 
Frigido.  c.  12). 

.  (*»)  p.  107.— Kepler  says  expressly,  in  Stella  Martis,  fol.  9,  "ScUdos 
orbcs  rejecij  and  in  SteUa  Nova,  1606,  cap.  2,  p.  8,  "planeta  in  pnro 
Kthere,  perinde  atque  aves  in  aere,  corsas  soos  confidant."  .  (Compare  also 
p.  122.)  Earlier,  however,  his  opinion  had  been  inclined  in  favour  of  a  solid 
icy  celestial  vault  (orbis  ex  aqua  factos  geln  concreta  propter  soils  ahsentiam). 
Kepler,  Epit.  Astr.  Copern.  i.  2,  p.  51.  Two  thousand  years  before  Kej^, 
Empedocles  said  that  the  fixed  stars  were  fastened  to  the  crystal  heaven,  but 
that  the  planets  were  free  aa.l  unrestrained  (roiig  dk  vXavfiraQ  dviioBai). 
(Plut.  Plac.  Phil.  ii.  13  ;  Emped.  i.  p.  335,  Storz ;  Euseb.  Praep.  Evang.  xv. 
30,  Col.  1688,  p.  839.)  It  is  difficult  to  conceive  in  what  manner  the  fixed 
stars  were  imagined  to  be  attached  to  solid  spheres,  and  yet  to  revolve  singly, 
as  supposed  by  Plato  in  the  Timseos  (Tim.  p.  40,  B),  but  not  by  Aristotle. 

(^  p.  108.— Kosmos,  fid.  ii.  S.  352  and  506  (English  edition,  p.  312, 
and  note  478). 

{^)  p.  108.~Kosmos,  Bd.  iii.  S.  67  and  113  (English  edition,  p.  50,  and 
note  105). 

(*°*)  p.  108. — "  Les  prineipales  causes  de  la  vue  indistincte  sont :  aberra- 
tion de  sphericite  de  roeil^  diffraction  sur  les  bords  de  la  pnpille,  commuoi- 
cation  d'irritabilite  k  des  points  voisins  sur  la  retine.    La  vae  confuse  est  celle 
oh  le  foyer  ne  tombe  pas  exactement  sur  la  retine,  mais  tombe  ou  devaot  ou 
derriere  la  retine.     Les  queues  des  etoiles  sont  Teffet  de  la  vision  indistiocta 
autant  qu'elle  depend  de  la  constitution  du  cristallin.     D'apr^  un  tres  mam 
mcmoire  de  Hassenfratz  (1809),  Mes  queues  au  nombre  de  4  on  8  qu*ofirent 
les  etoiles  ou  nne  bougie  vue  a  25  metres  de  distance,  sont  les  caustiques  do 
cristallin  formees  par  Tintcrsection  des  rayons  refractes.'     Ces  caustiques  se 
roeuvent  a  mesure  que  nous  inclinons  la  tete.     La  propriete  de  la  lunette  de 
terminer  I'image  fait  qu'elle  concentre  dans  un  petit  espace  la  lumiere  qui 
sans  cela  en  anrait  occupe  un  plus  grand.     Cela  est  vrai  ponr  les  etoiles  fixes 
et  pour  les  disques  des  plaiietes.     La  lumiere  des  etoiles  qui  n'ont  pas  de 
disques  reels,  conserve  la  meme  intensite  quelque  soit  le  grossissemeot.    Le 
fond  de  Tair  duqull  se  detache  I'etoile  dans  la  lunette,  devient  pins  noir  par 
le  grossissement  qui  dilate  les  molecules  de  I'air  qu'embrasse  le  champ  de 
la  lunette.     Les  plauetes  a  vrais  disques  deviennent  elles-m^mes  plus  p&le* 
par  cet  efiFet  de  dilatation. — Quand  la  peiuture  focale  est  nette,  quand  les 
rayons  partis  d^un  point  de  Tobjet  se  sont  concentres  en  un  seul  point  dans 
1  'image,  Toculaire  donne  des  resultants  satisfaisants.  Si  an  contraire  les  rsyoai 
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^iDao&  d'aa  point  ne  se  reunissent  pas  au  foyer  en  un  seul  point,  s'ils  y  for- 
ment  un  petU  cercle^  les  images  de  deux  points  contigas  de  I'objet  empietent 
necessairement  ]'ane  sar  Tautre;  leurs  rayons  se  confondent.  Cette  con- 
fusion la  lentille  oculaire  ne  saurait  la  faire  disparaitre.  L'office  qu'elle 
nmplit  ezelusivement,  c'est  de  grossir;  elle  grossit  tout  ce  qui  est  dans 
rimage,  les  defauts  comme  le  reste.  Les  etoiles  n*ayant  pas  de  diam^tres 
angnlaires  seosibles,  ceux  qu'elles  conservent  toujours  tienneut  pour  la  plus 
graode  partie  au  manque  de  perfection  des  instrumens  (h  la  courbure  moins 
regoliire  donoee  aux  deux  faces  de  la  lentille  objective)  et  h  quelques  defauts 
et  aberrations  de  notre  ceil.  Plus  une  etoile  semble  petite,  tout  ^tant  ^gal 
qaant  an  diam^tre  de  I'objectif,  au  grossissement  employe  et  k  Teclat  de 
retoOe  observee,  et  plus  la  lunette  a  de  perfection.  Or  le  rocilleur  moyen  de 
juger  si  les  etoiles  sout  tr^s  petites,  si  des  points  sont  repr^ntes  au  foyer 
par  de  simples  points,  c'est  evidemment  de  viser  &  des  etoiles  excessivement 
rapprocb^  entr'elles  et  de  voir  si  dans  les  etoiles  doubles  connues  les  images 
se  confondent,  si  elles  empietent  Tune  sur  Tautre,  on  bien  si  on  les  aper9oit 
bien  nettement  separ^."    Arago  MSS.  of  1831  and  1847. 

(*")  p.  108.  — Hassenfratz  sur  les  Rayons  Divergens  des  Etoiles,  in  Dela- 
m&herie's  Journal  de  Physique,  T.  Ixix.  1809,  p.  324. 

(•"')  p.  109. — Horapollinis  Niloi  Hieroglyphica,  ed.  Conr.  Leemans,  1835, 
cap.  18,  p.  20.  The  learned  editor,  (Leemans)  however,  in  opposition  to 
Jomard,  (Descr.  de  I'Egypte,  T.  vil  p.  423),  remarks  that  neither  on  monu- 
ments nor  rolls  of  papyrus  has  the  figure  of  a  star  been  found  employed  as  a 
sign  for  the  number  5  (Horap.  p.  194). 

(^  p.  109. — On  board  Spanish  ships  in  the  Pacific  I  found  a  persuasion 
prevailing  among  the  sailors,  that  the  moon's  age  could  be  determined,  before 
her  first  quarter,  by  looking  at  her  face  through  a  piece  of  silk,  and  counting 
the  number  of  images ;  a  phenomenon  of  diffraction  through  narrow  longi- 
tudinal apertures. 

C**)  p.  109. — Outlines,  $  816.  Arago  made  the  diameter  of  the  spurious 
disk  of  Aldebaran,  shewn  by  a  telescope,  increase  from  4"  to  15"  by  diminish- 
ing the  diameter  of  the  object  glass.  • 

(•»•)  p.  110.— Delambrc,  Hist,  de  TAstr.  Moderne,  T.  i.  p.  193;  Arago, 
Annnaire  1842,  p.  3G6. 

(•")  p.  110. — "  Minute  and  very  close  companions,  the  severest  tests  which 
can  be  applied  to  a  telescope."— Outlines,  §  837.  Compare  also  Sir  John 
Henchel,  Cape  Observations,  p.  29,  and  Arago,  in  the  Annnaire  pour  1834, 
p.  802—805.    Of  bodies  belonging  to  our  solar  system,  we  may  employ,  for 
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testing  the  power  of  light  of  a  highlj  magnifjiDg  optieal  instrament,  the  1st 
and  4th  satellites  of  Uranus,  seen  again  by  Lassel  and  Otto  Strove  in  IB47 ; 
the  two  innermost  and  the  7th  satellites  of  Saturn,  (Mimas,  IJ^celadiu,  and 
Bond's  Hyperion),  and  the  satellite  of  Neptune,  disooyered  by  Lassel.  The 
power  of  penetrating  the  depths  of  celestial  space,  afforded  by  teleseopes,  led 
Bacon,  in  an  eloquent  passage  in  praise  of  Galileo  to  whom  lie  erroneously 
ascribed  their  invention,  to  compare  them  to  ships  which  conduct  men  into  an 
unknown  ocean ;  '*  nt  propriora  exercere  possint  cum  ocdestibos  oommerda." 
Works  of  Francis  Bacon,  17^>  VoL  i.  Novum  Organon,  p.  861. 

C")  p.  111. — "The  expression  vx^cif^oc,  which  Ptolemj  uniformly  em- 
ploys in  his  catalogue  for  the  six  stars  named  by  him,  indicates  a  slight  degree 
of  transition  from  fiery  yellow  to  fiery  red,  thus,  speaking  precisely,  it  would 
siguify  a  fiery  reddish  colour.  To  the  other  fixed  stars,  he  aeems  to  apply 
generally  the  epithet  Kclv^6c,  a  fiery  yellow.  (Almag.  viii.  3  ed. ;  Hahna, 
T.  ii.  p.  94).  Ktppdg  is,  according  to  Galen,  (Meth.  med.  12)  a  pale  fire  red, 
verging  towards  yellow.  Gellius  compares  the  word  to  melinns,  which,  according 
to  Servius,  means  the  same  as  gilvns  and  fulvus.  As  Sirius  is  called  by  Seneca 
(Nat.  Qneest.  i.  1)  '  redder  than  Mars,'  and  as  it  is  one  of  the  stars  called  in 
the  Almagest  vTroKippoi,  there  remains  no  doubt  that  the  word  indicates  the 
predominance,  or  at  least  the  presence  of  a  certain  portion  of  red  rays.  The 
Bsscrtion  that  the  epithet  ttoikiKoq^  applied  to  Sirius  by  Aratus,  v.  827}  is 
translated  by  Cicero,  rutilus,  is  erroneous.    Cicero  says,  indeed,  v.  348^ 

Namque  pedes  subter  rutilo  cum  lumine  claret 
Fervidas  ille  Canis  stellarum  luce  refulgens ; 

but  rutilo  cum  lumine  is  not  a  translation  of  voikiKoq,  but  an  addition  made 
by  a  free  translator."  (Extracts  from  letters  to  myself  from  Professor 
Franz.)  Arago  in  the  Annuaire  for  1842,  p.  351,  says,  "  Si  en  substitosBt 
rutilus  an  terme  grec  d'Aratus,  Torateur  romain  renonce  ^  dessein  ^  Is 
fidelity,  il  fant  supposer  que  lui-m^me  avait  reoonnu  les  propri^tSs  rutilantes 
de  la  lumiere  de  Sirius." 

(«»3)  p.  111.— Cleom.  Cycl.  Theor.  i.  11.  p.  59. 

O'^^)  p.  111.— Madler,  Astr.  1849,  S.  391. 

P"^)  p.  111.— Sir  John  Herschd  in  the  Edinb.  Review,  vol.  Ixxxvii.  1848, 
p.  189,  and  in  Schum.  Astr.  Nachr.  1839,  No.  372,—"  It  seems  much  mare 
likely  that  in  Sirius  a  red  colour  should  be  the  effect  of  a  medium  interfered, 
than  that  in  the  abort  space  of  2000  years,  so  vast  a  body  should  have  aetmOj 
undergone  such  a  material  change  in  its  physical  constitution.     It  may  ^ 
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snpposed  the  existence  of  some  sort  of  eosmical  eloudineaSy  subject  to  internal 
movements,  depending  on  canses  of  which  we  are  ignorant."  (Compare 
Ango  in  the  Annnaire  pour  1842,  p.  350—353.) 

(•'•)  p.  112.— In  Muhamedis  Alfragani  chronologica  et  astronomica 
elementa,  ed.  Jacobus  Christmannus,  1590,  cap.  22,  p.  97,  it  is  said, — 
"  Stella  ruffa  in  Tauro  Aldebaran ;  stella  ruffa  in  Oeminis  quae  appellator 
Hafok,  hoc  est  Capra."  But  Alhajoc,  Ayuk,  are,  in  the  Arabo-Latin 
Almagest,  the  nsnal  names  of  Capella.  Argelander  also  remarks  jnstly  thai 
Ptolemy  in  the  astrological  work  (T£rpa/3cj3\oc  o'ivra(ic),  vouched  as 
genuine  by  style  and  ancient  testimony,  connects  planets  and  stars  according 
to  similarity  of  colour,  and  thus  joins  together  Capella  and  Martis  stella, 
(qon  arit  sient  oongruil  igneo  ipsius  colori,)  with  Aurigse  stelia.  (Compare 
PtoL  quadripart.  construct,  libri  iv.  Basil  1551,  p.  883).  Riccioli  (Almages- 
turn  novum  ed.  1650,  T.  i.  Pars  1,  lib.  6,  cap.  2,  p.  894)  also  reckons 
OapellB,  with  Antares,  Aldebaran,  and  Arctnrus,  among  the  red  stars. 

C*^)  p.  118.— See  Chronologic  der  ^gypter,  by  Richard  Lepsins,  Bd.  i. 
.1849,  S.  190—195,  and  213.  The  complete  construction  of  the  Egyptian 
calender  is  placed  in  the  earliest  part  of  the  year  3285  before  the  Christian 
era — ».  e.  about  a  century  and  a  half  before  the  building  of  the  great  pyramid 
of  Cheops-Chufo,  and  940  years  before  the  epoch  usually  assigned  to  the 
Delnge.  (Compare  Kosiuos,  Bd.  ii.  S.  402,  English  edition,  p.  xxvii..  Note 
146).  In  the  calculatious  which  have  been  made  in  reference  to  the  circum- 
stance, that  the  inclination  of  the  narrow  subterranean  passage  loading  into 
the  interior  of  the  pyramid,  measured  by  Colonel  Vyse,  corresponds  very 
nearly  to  the  angle  26°  15',  which,  in  the  time  of  Cheops-Chufu,  the  star 
a  Draconis  which  marked  the  pole  attained  at  its  inferior  culmination  at 
Giseh, — the  ejioch  of  the  building  of  the  pyramid  is  taken,  not  at  8430  B.C., 
as  given  in  Kosmos  from  Lepsius,  but  at  3970  B.C.  as  in  the  Outlines  of  Astr. 
4  819.  This  difference  of  540  years  is  the  less  opposed  to  the  assumption 
of  a  Draconis  having  been  the  pole-star,  as  in  8970  its  polar  distance  was 
still  8*»  44'. 

(•*•)  p.  118. — I  have  taken  what  follows  from  letters  of  Professor  Lepsius 
to  myself  (February  I860): — "  The  Egyptian  name  of  Sirins,  marked  as  a 
female  star,  is  Sothis ;  hence,  in  Greek,  ri  2a>dic  is  identified  with  the  goddess 
Sota  (oftener  Sit  in  hieroglyphics),  and  in  the  temple  of  the  great  Bamses 
at  Thebes  with  Isis-Sothis.  (Lepsins,  Chronol.  der  iBgypter,  Bd.  i.  S.  119 
and  186).  The  signification  of  the  root  is  found  in  Coptic,  and  allied  with  a 
■imicroas  ikmUy  of  words,  the  different  members  of  which,  though  apparently 
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departing  widely  from  each  other,  may,  however,  be  arranged  as  follows :— By 
a  threefold  transference  of  the  verbal  signification,  we  obtain  from  the  original 
meaning — to  project,  projicere  (sagittam,  telum) — 1st,  seminare,  to  sow ;  tkea 
extendere,  to  extend  or  stretch  (as  spun  threads)  ;  and  lastly,  what  is  here 
most  important,  *  to  radiate  light,'  '  to  shine'  (as  do  stars  and  fire).  The 
names  of  the  divinities — Satis  (the  archer,  female),  Sothis  (the  radiant, 
female),  and  Seth  (the  fiery,  male),  may  be  connected  with  this  series  of 
ideas.  There  may  be  pointed  out  hieroglyphically — sit  or  seti,  the  arrow  or 
'  dart,  as  well  as  the  ray ;  seta,  to  spin ;  setn,  scattered  grains.  Sethis  is 
especially  the  bright- beaming  star,  regulating  seasons  and  periods.  The 
small  triangle,  always  painted  yellow,  which  is  a  symbolical  sign  of  Sothis, 
is  employed  in  the  designation  of  the  radiant  sun,  being  placed  in  triple  rows, 
the  triangles  always  pointing  downwards  from  the  sun.  Seth  is  the  fire-god, 
tlie  burning  or  scorching }  in  opposition  to  the  warming  and  fertilizing  waten 
of  the  inundation  of  the  Nile — the  female  divinity  Satis.  She  is  the  goddess 
of  the  Cataracts,  because  the  swelling  of  the  Nile  began  with  the  appearaooe 
of  the  star  Sothis,  at  the  time  of  the  summer  solstice.  In  Vettius  Yalens,  the. 
star  itself  is  called  £17^  instead  of  Sothis ;  but  we  cannot  hy  any  means,  as 
Ideler  has  done  (llandbuch  der  Chronologie,  6d.  i.  S.  126),  identify  Thoth 
with  Seth  or  Sothis,  either  as  to  name  or  person."  (Lepsias,  Bd.  i.  S.  136.) 
To  these  considerations,  taken  from  the  earliest  Egyptian  antiquity,  I  sub- 
join some  Greek,  Zend,  and  Sanscrit  etymologies.  "  2«ip,  the  sun,"  says 
Professor  Franz,  "  is  an  ancient  radical,  differing  only  in  pronunciation  from 
^sp,  ^spog,  heat,  summer,  where  the  sound  of  the  vowel  is  altered,  as  io 
rtXpog  and  rkpog,  or  rkpag.  The  correctness  of  the  assigned  relations 
between  the  radicals  fftip,  and  ^tp,  ^kpoc,  is  confirmed,  not  only  by  the 
application  of  ^spsiTaTog  in  Aratus,  v.  149  (Ideler,  Sternnamen,  S.  241), 
but  also  by  the  later  use  of  the  forms  derived  from  treip,  irtipbc,  tnipioQ, 
(THpivdg,  hot,  burning.  It  deserves  remark  that  (T«pd,  or  (r€iptvd  ifjidna, 
is  pronounced  quite  like  ^epiva  ifjidria,  light  summer  clothing.  But  the 
peculiar  form  aeipiog  is  of  wider  application,  it  is  the  epithet  given  to 
all  the  heavenly  bodies  which  influence  the  heat  of  summer :  thus,  according 
to  the  poet  Archilochus,  the  Sun  was  called  treipiog  acrrip  ;  and  Ibycus  calls 
the  heavenly  bodies  aeipia,  *  the  shining.*  That  it  is  really  the  sun  which 
is  meant  in  the  words  of  Archilochus,  ttoXXo^c  /wiv  abrov  trdpug 
Karavavh  blvg  eWdfiirMV,  cannot  be  doubted.  It  is  true  that,  accord- 
ing to  Hesychius  and  Suidas,  ^.eipiog  signifies  both  the  Sun  and  the 
dog-star;  but  I  am  as  certain  as  is  the  new  editor  of  Theon  of  Smyrna, 
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M.  Martin,  that  the  passage  of  Hesiod  (Opera  et  Dies,  v.  417)  refers,  as 
Tzetzes  and  Proclus  make  it  do,  to  the  San,  and  not  to  the  dog-star.  The 
?erb  o'ciptav,  which  may  be  translated  *  to  sparkle,*  comes  from  the  adjective 
tniptOQf  which  has  established  itself  as  the  epitheton  perpetunm  of  the 
dog-star.  Aratns,  ▼.  831,  says  of  Sirius,  6lka  trstptatit  *  it  sparkles  strongly/ 
When  standing  alone,  the  word  Sci/o^v,  the  Siren,  has  quite  a  different 
etymology ;  and  yonr  conjecture,  that  it  is  only  a  case  of  accidental  similarity 
of  sonnd  to  the  bright  star  Sirius,  is  perfectly  well  founded.  They  are 
quite  in  error  who,  according  to  Theon  Smyrnsus  (Liber  de  Astronomia, 
1850,  p.  202),  would  derive  2eip/}v  from  ffupid^ttp  (a,  moreover,  quite 
unaccredited  form  for  tnipiav).  While  the  motion  of  heat  and  light  are 
expressed  in  oiipioQy  the  word  26(p})v  has  a  root  which  represents  the  flowing 
tone  of  the  natural  phenomenon.  It  seems  to  me  probable  that  Secp^v  is 
connected  with  tlpiiv\  (Plato,  Cratyl.  398  D.  rb  yap  liptiv  Xiyuv  iori;) 
the  originally  sharp  aspiration  passing  into  the  hissing  sound."  Extracted 
from  letters  to  myself  from  Prof.  Franz,  January  1850. 

According  to  Bopp,  "  the  Greek  Scip,  the  Sun,  can  be  easily  connected  by 
intermediate  links  with  the  Sanscrit  word  *  svar,'  which  indeed  does  not  signify 
the  Sun,  but  the  Heavens  (as  something  bright  or  shining).  The  usual  Sanscrit 
name  for  the  Sun  is  '  siirya,'  a  contraction  of  '  svarya.'  The  root  *  svar,' 
signifies  in  general,  to  shine.  The  Zend  name  for  the  Sun  is  *  hvarc,'  with  A 
instead  of  s.  The  Greek  ^ep,  ^ipos,  and  ^epfibg,  comes  from  the  Sanscrit 
word,  gharma  (Nom.  gharmas),  warmth,  heat." 

The  acnle  Max.  Muller,  who  has  edited  the  Rigveda,  remarks  "that  the 
Indian  astronomical  name  for  the  dog-star,  Lubdhuka,  which  signifies  *  hun- 
ter,' regarded  in  connection  with  the  neighbouring  constellation  of  Orion, 
seems  to  point  to  a  highly  ancient  Aric  community  of  view  in  the  contem- 
plation of  this  group  of  stars."  He  is  most  inclined  to  derive  Sctpiof  from 
the  Vedic  word  "  sira"  (whence  the  adjective  sairya),  and  the  root  "  sri,"  to 
go,  to  walk ;  so  that  the  Sun  and  the  brightest  of  stars,  Sirius,  would  have  had 
the  term  moving  or  wandering  star  as  their  original  name.  (Compare  also 
Pott.  Etymologische  Foischnngen,  1833,  S.  130.) 

('**)  p.  113.— Strnve,   Stellarum  compositarum  Mensnrse  micrometricse, 
1837,  p  Ixxiv.  and  Izxxiii. 
e**)  p.  114. — Sir  John  Ilerschel,  Cape  Observations,  p.  34.  *  ' 

(«» )  p.  114.— Madler,  Astronomic,  S.  436.  %v 

{f*)  p.  114.— Kosmos,  Bd.  ii.  S.  367  and  513,  Anm.  63,  English  edition 
p.  827,  and  Note  508. 
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(*")  p.  114.— Arago,  Annaaire  pour  1842,  p.  348. 

(***  ^  p.  114. — Struve,  Stells  comp.  p.  Izxzii. 

(***)  p.  115.— Sir  John  Herechd,  Cape  Observations,  pp.  17  and  102 
(Nebulee  and  Clusters,  No.  3435). 

(***)  p.  115.— Humboldt,  Vues  des  Cordill^res  et  monnmens  des  peopkt 
indigenes  de  rAmerique,  T.  ii.  p.  55. 

(^)  p.  115.— Julii  Firuiici  Materni  Astron.  libri  viii.  Basil,  1551,  Ub.fi. 
cap.  1,  p.  1 50. 

(*»)  p.  115.— Lepsius.  Chronol.  der  .aESgypter,  Bd.  i.  S.  143.  "In  Oir 
Hebrew  text  they  are  called  Asch,  the  Giant  (Orion  ?),  the  '  many  stan,' 
(the  Pleiades,  Gemnt?),  and  the  Chambers  of  the  South.  The  Septaagint 
version  is;  6  iroiuv  UXnada  Kai  'E^ircpov  jcai  'Apcrovpov  xai  rafuTs 
vorov, 

(*»)  p.  116.— Ideler,  Stemnamen,  S.  295. 

(^)  p.  116.— Martianus  Capella  changes  Ptolemsoa  into  Ptolemfeiti 
Both  names  were  given  by  the  flatterers  at  the  Egyptian  Court.  Amerigo 
Vespucci  believed  he  had  seen  three  Canopuaes,  one  of  which  was  quite  dark 
(fosco),  Canopus  ingens  et  niger  in  the  Latin  translation:  no  doubt  one  of 
the  black  coal  sacks  (Humboldt,  Examen  crit.  de  la  G^ogr.  T.  v.  p.  227— 
229).  In  the  Elem.  Chronol.  et  Astron.  of  El-Fergani  (p.  100;,  it  is 
related  that  the  Christian  pilgrims  were  wont  to  call  the  Sohel  of  the  Arabs 
(Canopus),  the  Star  of  St.  Catherine,  because  they  were  accustomed  to  weleome 
and  admire  it  as  their  guiding  star  in  journeying  from  Gaza  to  Mount  Sinai. 
In  a  flue  episode  in  the  oldest  heroic  poem  of  Indian  antiquity,  the  Kamayana, 
the  stars  near  the  southern  pole  are  declared  to  be  more  recently  created  than 
the  more  northern  ones  for  a  singular  reason.  When  the  Brahminic  In- 
dians,— entering  the  lands  of  the  Gauges  from  the  north-west,  advanced  from 
30°  N.  latitude  farther  into  the  tropics,  subjecting  the  aborigines, — as  th^ 
approached  Ceylon  they  saw  stars  before  nnknown  rise  above  the  horizon. 
According  to  ancient  custom,  they  combined  these  stars  into  new  con- 
stellations. By  a  bold  Action,  the  later-seen  stars  were  said  to  have  beeo 
created  later  by  the  wonder-working  power  of  Visvamitra,  who  "  threatened 
the  old  gods,  that,  i^ith  his  more  richly -starred  sonthem  hemisphere,  he  would 
overpower  the  northern  one"  (A.  W.  von  Schlegel,  in  the  Zeitschrift  fOr  die 
Kunde  des  Morgeolandes,  Bd.  i.  S.  240).  This  Indian  myth,  expressive  of 
the  astonishment  of  wandering  nations  at  the  aspect  of  regions  of  space  before 
unseen  (as  the  celebrated  Spanish  poet,  GarcUaso  de  la  Vega,  said  of  those 
who  travel,  "  they  change  at  once  their  country  and  their  stars,"  "  mudn  d« 
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pajs  y  de  estrellas"),  reminds  as  vividly  of  the  impression  which  must  have 
been  made  even  on  the  rudest  nations,  when  at  the  same  part  of  the  Earth's 
surface  they  first  saw  rise  above  the  horizon  large  stars  such  as  those  in  the 
fset  of  the  Centaur,  the  Southern  Cross,  Eridanus,  and  the  constellation  of 
the  Ship,  whilst  others  before  familiar  disappeared.  By  the  precession  of  the 
equinoxes,  fixed  stars  approach  and  again  recede  from  our  view.  I  liave  al- 
ready remarked,  in  another  place,  that  2900  years  before  our  Era,— at  a  time, 
therefore,  when  the  great  pyramid  had  already  stood  five  hundred  years, — the 
oonstdiation  of  the  Southern  Cross  was  7°  above  the  horizon  of  the  countries 
bordering  ou  the  Baltic  Sea.  (Compare  Kosmos,  Bd.  i.  S.  155,  and  Bd.  ii. 
8.  888.  Eng.  ed.  Vol.  i.,  p.  139.  Vol.  ii.  p.  293).  "  Canopus,  on  the 
other  hand,  can  never  have  been  visible  in  the  locality  of  Berlin  ;  its  distance 
from  the  South  Pole  of  the  Ecliptic  is  only  14^,  and  it  would  have  required 
that  the  distance  should  have  been  1°  greater  for  the  star  to  have  ever  reached 
the  limit  of  visibility  in  our  horizon." 

(»«)  p.  116.— Kosmos,  Bd.  ii.  S.  203  (English  edition,  p.  169—170). 
(^  p.  116.— Olbers  in  Schumacher's  Jahrb.  fiir  IS-IO,   S.   249;   and 
Kosmos,  Bd.  iii.  S.  151. 
(^  p.  117.— Etudes  d'Astr.  stellaire.  Note  74,  p.  81. 
O  P-  117.— Outlines  of  Astr.  f  785. 

(«w)  p.  113.— Id.  i  795  and  796;  Struve,  Etudes  d'Astr.  stellaire,  p.  66 
—73  (also  Note  75). 

(*^  p.  lis.— Struve,  p.  59.  Schwink  finds  in  his  maps,  R.  A.  0°— 90^ 
2868  stars;  B.  A.  90°— 180°,  3011  stars;  R.  A.  180°— 270°,  2688  stars; 
R.  A.  270°— 360°,  3591  stars;  total  12,148  stars  down  to  the  7th  mag- 
nitude. 

(*'')  p.  119. — On  the  circular  nebula  in  the  right  hand  of  Perseus  (near 
the  sword  handle),  see  Eratosth.  Catast.  c.  22,  p.  51,  Schaubach. 

(•••)  p.  119.— Sir  John  Herschcl's  Cape  Observations,  i  105,  p.  186. 
(»)  p.  119.— OutUnes,  §  864-869,  p.  691—596;  Madler,  Astr.  S.  764. 
(*«•)  p.  120.— Cape  Observations,  f  29,  p.  19. 

(■•* )  p.  122. — Sir  John  Herschel  says : — "  A  stupendous  object,  a  most 
ma^ificent  globular  duster  completely  tMukUed,  upon  a  ground  of  the  sky 
perfectly  black  throughout  the  whole  breadth  of  the  sweep."  (Cape,  p.  18 
and  61,  PL  iii.  fig.  1 ;  Outlines,  §  895,  p.  615. 

(***)  p.  122. — Bond,  in  the  Memoirs  of  the  American  Academy  of  Arts  and 
Soieaees,  new  series.  Vol.  iii.  p.  75. 
(^  p.  128.— Outiines,  $  874,  p.  601. 


Ixiv  NOTES, 

C")  p.  123.— Dekmbre,  Hist,  de  1* Astr.  Moderne,  T.  i.  p.  697. 

C^)  p.  124. — We  are  indebted  for  the  first  aad  the  only  thoroughly  eon- 
plete  description  of  the  Milky  Way  in  both  hemispheres  to  Sir  John  Her' 
schel,  in  his  **  Results  of  Astronomical  Observations  made  daring  the  yean 
1834—1838,  at  the  Cape  of  Good  Hope,"  i  316—335,  and  still  moie 
recently  in  his  Outlines  of  Astronomy,  $  787 — 799.  I  have  followed  kin 
throughout  the  entire  section  of  Kosroos  which  is  devoted  to  the  direetxw, 
branchings,  and  varied  contents  of  the  Milky  Way.  Compare  also  Stnne, 
Etudes  d'Astr.  stellaire,  p.  35—79;  Madler,  Astr.  1849,  $  213;  Kosbqi, 
Bd.  i.  S.  109  and  156  (English  edition,  pp.  96  and  140).  I  need  scandj 
remark  here,  that,  in  order  not  to  mingle  uncertainties  with  certainties,  I 
have  not  introduced  into  the  description  of  the  MUky  Way,  what  I  obserred 
and  recorded  respecting  the  very  unequal  light  of  the  different  parts  of  the 
gallactic  zone  during  my  long  sojourn  in  the  Southern  Hemisphere,  where 
the  instruments  with  which  I  was  provided  commanded  bat  little  light. 

{^^)  p.  124.— The  comparison  of  the  Milky  Way  to  a  Celestial  RiTer 
caused  the  Arabs  to  give  to  parts  of  the  constellation  of  Sagittarius^  whose 
how  falls  in  a  region  full  of  stars,  the  name  of  "  cattle  going  to  drink,"  and 
even  accompanying  them  by  the  ostrich,  which  requires  so  little  water. 
(Ideler,  Untersuchuug  iiber  den  Ursprung  und  die  Bedeutung  der  Stemnamen, 
S.  78,  183,  and  187;  Niebuhr,  Beschreibung  von  Arabieu,  S.  112.) 

(2*7)  p.  124.— Outlines,  p.  529;  Schubert,  Astr.  Th.  iii.  S.  71. 

(2'8)  p.  124.— Struve,  Etudes  d'Astr.  stellaire,  p.  41. 

(2*»)  p.  125.— Kosmos,  Bd.  i.  S.  156  and  415  Anm.  79  (EngUsh  edition, 
p.  140,  and  Note  109). 

{^^)  p.  125. — "  Stars  standing  on  a  clear  black  ground "  (Cape  Ob- 
servations, p.  391).  This  remarkable  belt  (the  Milky  Way,  when  examioed 
through  powerful  telescopes)  is  found  (wonderful  to  relate  1)  to  consist 
entirely  of  stars  scattered  by  millions^  like  glittering  dust  on  the  black 
ground  of  the  general  heavens."     Outlines,  p.  182,  537)  and  539. 

(^')  p.  125. — "  Globular  clusters^  except  in  one  region  of  small  extent 
(between  16h.  45m.  and  19h.  in  R.  A.)and«^3tt/<ff  of  regular  elliptic  forms^ 
are  comparatively  rare  in  the  Milky  Way,  and  are  found  congregated  in  the 
greatest  abundance  in  a  part  of  the  heavens  the  most  remote  possible  from 
that  circle."  Outlines,  p.  614.  Huygeus,  as  early  as  1656,  had  had  his 
attention  drawn  to  the  absence  of  nebulse  and  nebulous  patches  in  the  Milky 
Way.  In  the  same  place  in  which  he  mentions  the  discovery  and  repre- 
sentation of  the  great  nebula  in  the  belt  of  Orion,  by  means  of  a  28-feet 
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refiractor  (1656),  he  said  (as  I  have  already  remarked  in  the  2nd  Vol.  of 
KosmoB,  S.  514,  English  edition.  Note  503,  p.  civiii) :  "  viam  lacteam  per- 
spiciUis  inspectam  nollas  habere  nebalas";  and  that  the  Milky  Way,  like  all 
tliat  had  been  taken  for  nebnlons  Btsrs,  was  a  great  claster  of  stars.  Tho 
ptasage  is  printed  in  Hugenii  Opera  Varia,  1724,  p.  598. 

(>»)  p.  125.— Gape  Obseryations,  $  105,  107,  and  828.  On  the  annular 
nebula.  No.  3686,  see  p.  114. 

C*^  p.  126. — "  Intervals  absolutely  dark  and  completely  void  of  any  star 
of  the  smallest  telescopic  magnitude."    Outlines,  p.  586. 

(**)  p.  127. — "  No  region  of  the  heavens  is  fuller  of  objects  beautiful  and 
mmurkable  in  themselves,  and  rendered  still  more  so  by  their  mode  of  asso- 
oation,  and  by  the  peculiar  featores  assumed  by  the  Milky  Way,  which  are 
without  a  parallel  in  any  other  part  of  its  course"  (Cape  Observations,  p.  386). 
Thia  animated  expression  of  Sir  John  Herschel's  agrees  perfectly  with  the 
impreaaions  which  I  myself  received.  Captain  Jacob  (Bombay  Engineers),  in 
speaking  of  the  intensity  of  light  of  the  Milky  Way  in  the  vicinity  of  the 
Sonthem  Cross,  says,  with  striking  truth, — "  such  is  the  general  blaze  of  star- 
fight  near  the  Cross  from  that  part  of  the  sky,  that  a  person  is  immediately 
made  aware  of  its  having  risen  above  the  horizon,  though  he  should  not  be  at 
tlie  time  looking  at  the  heavens,  by  the  increase  of  general  illumination  of 
the  atmosphere,  resembling  the  effect  of  the  young  moou."  See  Piazzi 
Smyth  on  the  orbit  of  a  Cent,  in  the  Transactions  of  the  Royal  Society  of 
Edinburgh  (Vol.  xvi.  p.  445). 

(«6S)  p,  127.— Outlines  ^  789  and  791 ;  Cape  Observations,  f  325. 

(*•)  p.  127. — Almagest,  lib.  viii.  cap.  2  (T,  ii.  p.  84  and  90,  Halma) 
Ptolemy's  description  is  in  particular  parts  excellent,  especially  compared  with 
Arifltotle's  treatment  of  the  subject  of  the  Milky  Way.  (Meteor,  lib.  1. 
pp.  29  and  34,  according  to  Ideler's  Edition.) 

(••')  p.  129. — Outlines,  p.  531.  Also  between  a  and  y  Cassiopeise,  a 
atrikingly  dark  spot  or  patch  is  ascribed  to  the  contrast  with  the  bright  parts 
by  which  it  is  surrounded.    See  Struve,  Etudes  stell.  Note  58. 

C^)  P*  ^^^* — ^^  extract  from  the  exceedingly  rare  work  of  Thomas 
Wright  of  Durham  (Theory  of  the  Universe,  London  1750),  has  been  given  by 
de  Morgan  in  the  Philosophical  Magazine  (Series  iii.  No.  32,  p.  241 ).  Thomas 
Wright,  to  whose  writings  the  attention  of  astronomers  has  been  permanently 
directed  since  the  beginning  of  the  present  century,  by  the  influence  of  the 
ingenious  speculations  of  Kant  and  William  Herschel  on  the  form  of  our 
aidereal  stratum,  observed  only  with  a  reflector  of  1  foot  focal  length. 
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{»^)  p.  ISO.^Pfaff  in  W.  Herschers  a&mmtl.  Sehriften  Bd.  1 1820,  (8. 
78^81 ;  Strove,  Etudes  stell.  p.  85^-44). 

(^)  p.  13Q.^Encke  in  Schamaeber's  Astr.  Nachr.  No.  622,  (1847)8. 
841-846. 

(^*)  p.  130. — OatUnes,  p.  536.  On  the  next  page  it  le  said,  on  the  me 
snbject,  "  In  snch  eases  it  is  eqnally  impossible  not  to  p^fveive  that  we  ire 
looking  throTigh  a  sheet  of  stars  of  no  great  thickuoss  compared  witii  tlM 
diistance  which  separates  them  from  us." 

C^)  p.  131. — Stmve,  Etndes  stell.  p.  63.  Sometimes  the  largest  teleseops 
reach  a  part  of  eelesiial  spaee  in  which  the  existence  of  a  remotelj  gHmmemg 
sidereal  stratum  is  only  indicated  "  by  an  uniform  dotting  or  stippKng  of 
the  field  of  view."  See  in  the  Cape  Observations,  p.  890,  the  seetioB  "oa 
some  indications  of  very  remote  telescopic  branches  of  the  Milky  Way,  er  of 
an  independent  sidereal  System,  or  Systems,  bearing  a  reaemblaoce  to  neh 
branches." 

(«^)  p.  131. —Cape  Observations,  f  814. 

(«**)  p.  131.~Sir  William  Herschel  in  the  Phil.  Trans,  for  1785,  p.  81; 
Sir  John  Herschel,  Cape  Observations,  S  298.  (Compare  also  Strove,  Deser. 
de  rObservatoire  de  Ponlkova,  1846,  p.  267—271). 

(2«)  p.  131.— "I  think,"  says  Sir  John  Herschel,  "it  is  impossible  to 
view  this  splendid  zone  from  a  Centanri  to  the  Cross,  without  an  impression, 
amounting  almost  to  conviction,  that  the  Milky  Way  is  not  a  mere  stratom, 
but  annular ;  or,  at  least,  that  our  system  is  placed  within  one  of  the  poorer 
or  almost  vacant  parts  of  its  general  mass,  and  that  eccentrically,  so  as  to  be 
much  nearer  to  the  region  about  the  Cross  than  to  that  diametrically  opposite 
to  it"  (Mary  SomerviUe  on  the  Connection  of  the  Physical  Sciences,  1846, 
p.  419). 

(2^)  p.  131.— Cape  Observations,  S  816. 

(^^)  p.  136. — De  admiranda  Nova  Stella  anno  1572  exorta,  in  l^eboois 
Brahe  Astronomise  instaoratse  Progymnasmata  1608,  p.  298 — 804  and  578. 
I  have  followed  in  the  text  T^cho  6rahe*s  own  narrative.  The  unwarranted 
assertion,  repeated  in  many  books  on  Astronomy,  that  Tycho's  attention  wss 
first  called  to  the  newly -appeared  star  by  a  concourse  of  country  people  bas 
not,  therefore,  been  noticed. 

("®)  p.  136. — Cardanus,  in  his  dispute  with  lycho  Brahe,  wcntiniek  to 
the  star  of  the  Magi,  which  he  was  disposed  to  identify  with  the  atar  of  1578' 
Ideler,  from  his  calculations  of  conjunctions  of  Satoni  with  Jnpiter,  and  fron 
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suppositions  similar  to  those  enoonoed  by  Kepler  on  the  appearance  of  the 
new  star  in  Ophiuchus  in  1601,  bdiered  the  star  of  the  Wise  Men,  firom  the 
frequent  confusion  between  aor^p  and  atrrpov,  to  hare  been  not  a  single 
great  star,  bnt  a  remarkable  arrsngement  of  stars,  presented  by  the  near  ap- 
proximation of  two  bright  planets  within  leas  than  a  diameter  of  the  moon 
from  each  other.  (Compare  I^chonis  Progynmasmata,  p.  3^1 — S30,  with 
Idder,  Handbnch  der  Mathematischen  nnd  Technischen  Chronok)g;ie.  Bd.  ii. 
(S.  399-407). 

^  p.  136.— Progymn.  p.  324—  330.  Tyeho  Brahe  supports  himself  in  his 
theory  of  the  formation  of  new  stars  from  the  oosmical  Tapour,  or  nebulous 
matter  of  the  Milky  Way,  on  the  remarkable  passages  of  Aristotle,  to  which 
I  have  alluded  in  the  1st  VoL  of  Kusmos  (Bd.  i.  S.  109  and  390,  Note  IS, 
£ngL  ed.  p.  96  and  XTiii.  Note  4S,)  respecting  the  supposed  relations  subsist- 
ing between  the  tails  of  comets  and  the  gaseous  emanations  from  the  nuclei 
of  comets,  and  the  Milky  Way. 

C^  p.  140. — Other  statements  place  the  phenomenon  in  the  year  388  or 
898;  Jacques  Cassini,  Siemens  d'Astronomie,  1740  (Etoiles  nonvelles), 
p.  59. 

C")  p.  148. — ^Arago  Annnaire  pour  1842,  p.  332. 
C*)  p.  149. — Kepler  de  Stella  noTa  in  pede  Serp.  p.  3. 
C'^  p.  152. — On  instances  of  stars  which  bare  not  disappeared,  see  Arge- 
lander  in  Schumacher's  Astronom.  Xachr.  Xo.  624,  S.  371.    To  cite  an  ex- 
ample connected  with  antiquity,  I  will  here  recall  how  the  carelessness  of 
Aratna,  in  drawing  np  his  poetic  Catalogue  of  stars,  has  led  to  the  often- 
renewed  question,  whether  Vega  (a  Lyrse),  may  be  either  a  new  star  or  one 
whidi  varies  in  long  periods,  since  Aratus  says  that  the  constellation  of  the 
Lyre  has  only  small  stars.    It  may,  indeed,  seem  surprising  that  Hipparcbus 
does  not  notice  this  as  an  error  in  his  Commentary ;  whilst  yet  he  blames 
Aratns  for  his  statements  respecting  the  rektive  brightness  of  the  stars  in 
Cassiopeia,  and  in  Ophiochns.     However,  all  this  is  merely  accidental,  and 
proves  nothing ;  for,  Aratus  having  ascribed  to  the  constellation  of  the  Swan 
only  stars  of  middling  brightness,  Hipparcbus  (i.  14),  in  expressly  contra- 
dieting  this  error,  adds,  that  the  bright  star  in  the  tail  (Deneb)  is  but  little 
inferior  to  the  star  in  the  Lyre  Oega).    Ptolemy  places  Vega  among  the 
stars  of  the  first  order  of  magnitude ;  and  in  the  Catasterisms  of  Eratosthenes 
(cap.  25),  it  is  called  \tvKov  cat  Xafinpbv.     Seeing  the  many  inaccuracies  of 
a  poet  who  was  not  himself  an  observer,  would  it  be  reasonable  to  found 
upon  his  statement  the  belief  that  a  Lyne  (Pliny's  Fidicuhi,  xviii.  25)  first 
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«booe  forth  as  a  star  of  the  1st  magnitade  between  the  years  272  and  127 
B.C^  or  between  the  time  of  Aratns  and  that  of  Hipparchus  P 

a"*)  p.  155.--Compare  Madler,  Astr.  S.  488,  Note  12,  with  Strove,  Std- 
lamm  compos.  MeosorsB  microm.  p.  97  and  98,  star  2140.  "  I  believe,"  says 
Argelander,  "  that  it  is  very  difficult  to  estimate  correctly  in  a  telescope  of 
great  power  of  light  the  brightness  of  such  exceedingly  different  stars  as  aie 
the  two  components  of  a  Herculis.  My  experience  is  decidedly  against  the 
variability  of  the  companion ;  for,  in  my  numerous  day  observations  with  the 
telescopes  of  the  Meridian  circles  at  Abo,  Helsingfors,  and  Bonn,  I  have 
never  seen  a  Herculis  single,  which  yet  would  have  been  tbe  case,  if  the  com- 
panion were  only  of  the  7th  magnitude  when  at  its  minimum.  I  believe  it 
to  be  constant  5m.  or  5*6m. 

(^^)  p.  155.— Madler's  Table  (Astron.  S.  435)  contains  18  stars,  having 
very  different  numerical  elements.  Sir  John  Herschel  enumerates,  indudiag 
those  alluded  to  in  a  note,  above  45  (Outlines,  $  819 — 826). 

(^  p.  156.— Argelander  in  Schumacher's  Astr.  Nachr.  Bd.  xxvi.  (1848) 
No.  624,  S.  369. 

(*")  p.  158.—"  If,"  says  Argelander,  "  I  take  the  least  light  of  Algol,  1800 
January  1,  18  h.  1  m.,  mean  time  at  Paris,  as  my  zero  epoch,  I  obtain  the 
following  table : — 


Epoch. 

Duration  of  Period. 

-  1987  2  days, 

20  hours. 

48  min. 

-  1406 

f> 

»f 

M 

-     825 

n 

»» 

f> 

-f     751 

»> 

»» 

»» 

+  2328 

*»  ■ 

n 

»> 

4-  3885 

» 

M 

n 

-f  5441 

$t 

»f 

» 

Seconds. 

Seconds. 

59.416 

±  0-316 

58-737 

±  0-094 

58-393 

±  0175 

58-454 

±  0039 

58-193 

±  0096 

57-971 

±  0-045 

55-182 

±  0-348 

In  this  table  the  numbers  signify  as  follows  : — The  epoch  of  the  minimum, 
on  the  Ist  of  January  1800,  being  zero,  the  next  preceding  is  ~  1,  the  next 
following  is  +  1>  &^*;  the  duration,  or  interval  of  time  between  the  epodis 
-  1987  and  —  1986,  is  exactly  2  d.  20  h.  48  m.  59.416  s.;  whilst  thst 
between  +  5441  and  +  5442  is  2  d.  20  h.  48  m.  55.182  s. ;  the  first  cor- 
responding to  the  year  1 784,  the  last  to  the  year  1842.  The  final  colnmn, 
with  the  +  sign,  contains  the  probable  errors.  That  the  decrease  is  becoming 
more  and  more  rapid  is  shewn  by  the  last  number,  as  well  as  by  my  observip 
tions  since  1847. 
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C'*)  p.  158. — Argdander's  fiormoU  for  representing  all  the  observed  maxima 

Gi  Mira  Ceti,  as  oommonicated  to  me  by  himself,  is  the  fuUowiug : — 

dars  d.  /  oaiio  \ 

1761.  Sept.  9,  76  +  881.3868  ->-  10.5  Sin.  (J.^-&  +  86°  23'^ 

d.  /ARo  \  ^  /45°  \ 

+  18^  Sin.  \j^  E  +  2SP  42'  )  +  33.9  Sin.  (^  ^~E  +  170°  19'^ 

+  65^  Sin.(jj**E  +  60  87'): 

Where  £  signifies  the  number  of  maxima  which  have  occorred  since  Sept.  9, 

1751,  and  the  coefficients  are  given  in  days,     lience,  for  the  year  now  in 

progress,  we  have  the  maximum : — 

d.  d.  d. 

1751,  Sept.  9,  76  +  36115-65  +  b'U  —  12-24 
d.  d. 

+  18.59  +  27.34  =  1850,  Sept.  8.54. 

The  drcnmstance  which  appears  most  in  favour  of  this  formula  is,  that  it 
represents  the  observation  of  the  maximum  in  1596,  (Kosmos,  Bd.  ii.  S.  367  > 
£Dg.  ed.  p.  326 — 327),  which,  on  the  supposition  of  a  uuiform  period,  would 
deviate  more  than  100  days.  Yet  the  law  of  the  variations  of  light  iu  this 
■tar  is  apparently  so  complicated,  that  in  single  cases  (ex.  gr.  for  the  very 
exactly-observed  maximum  of  the  year  18lOj  ihe  formola  still  deviates  rnuuy 
days  (almost  25). 

(^  p.  158. — Compare  Argelander's  Memoir  at  the  secular  festival  of  the 
Konigsberg  University,  undor  the  title  of  De  SteUa  /3  Lyree  Variabili,  1844. 

(*^  p.  159. — One  of  the  first  earnest  endeavours  to  investigate  tlie  mean 
duration  of  the  period  of  variability  of  Mira  Ceti,  is  that  of  Jacques  Cussiui, 
lil^mens  d'Astronomie,  1740,  p.  66  —  69. 

(»»)  p.  172.— Newton  (Philos.  Nat.  Principia  Mathem,  ed.  Le  Sueur  et 
Jaoquier,  1760,  T.  iii.  p.  671)  distinguishes  only  two  kinds  of  these  sidereal 
phenomena :  "  Stellee  fizs  quae  per  vices  apparent  ct  evanescuut  quaiquc  paula- 
tim  crescunt,  videntur  revolvendo  partem  lucidam  et  partem  obscuram  per 
vices  ostendere."  This  explanation  of  the  change  of  light  had  been  previously 
proposed  by  liiccioli.  Respecting  the  caution  which  should  be  exercised  iu 
assuming  the  existence  of  periodicity,  see  the  important  considerations  of  Sir 
John  Uerschel  in  the  Cape  Observations,  §  261. 

(*»)  p- 172.— Delambre,  Hist,  de  I'Astr.  Ancienne,  T.  ii.  p.  280  j  and  Hist, 
de  TAstr.  au  18^me  siede,  p.  119. 

(**)  P«  174.— Compare   Sir  John  Uerschel  in   the  Cape  Observatiuna, 
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f  71—78,  and  Oatlines  of  Astronomy,  §  880,  (Kosmos,  Bd.  i.  S.  190— 4U; 
Bug.  ed.,  p.  144— Note,  120). 

(»*)  p.  174.— Letter  from  Lieut.  GUliss  to  Dr.  Flfigel,  Conanlof  the  United 
States  at  Leipzic  (MS.)  The  nntronbled  purity  and  serenity  of  the  atmo- 
sphere at  Santiago  de  Chile,  lasting  for  8  months,  is  so  great  that,  with  the 
first  large  telescope  made  in  America,  having  an  apertnre  of  6^  indies  (eon- 
strocted  by  Henry  Fitz  in  New  York  and  William  Yonng  in  Fhiladdphia), 
Lieutenant  Gilliss  distinctly  recoguised  the  6  th  star  in  the  trapcoam  of 
Orion. 

C")  p.  175. — Sir  John  Herschel,  Cape  Observations,  p.  834—360,  Nolel 
and  440.  (On  older  observations  of  Capella  and  a  Lyrse,  see  WiDiam  Hendicl 
in  the  Phil.  Trans,  for  1797,  p.  307,  and  for  1799,  p.  121 ;  and  in  ^xAi% 
Jahrbuch  for  1810,  S.  148).  Argelander,  on  the  other  hand,  entertains  great 
doubts  respecting  the  variability  of  Capella  and  of  the  stars  in  the  Bear. 

C*®)  p.  176.— Herschel's  Cape  Observations,  $  269,  No.  260. 

(*^  p.  176. — Heis,  in  manuscript  notices  in  May  1850.  Compare  aho 
Cape  Observations,  p.  825,  and  P.  Von  Boguslawski ;  **  Uranus"  for  1848, 
p.  186.  (The  assumed  variability  of  17,  a,  and  ^,  IJrsee  mig.,  is  also  rapportdl 
in  Herschcrs  Outlines,  p.  559.)  See  Madler  Astr.  S.  432,  on  the  series  of  stan 
which  are  successively  to  mark  the  Noith  Pole  by  their  vicinity,  until,  at  the 
end  of  12,000  years,  the  place  should  be  taken  by  the  most  brilliant  of  all 
possible  pole-stars,  a  Lyrse. 

(*®)  p.  176. — Kosmes,  Bd.  iii.  S.  134;  English  edition,  note  166. 

(*®)  p.  176. — William  Herschel,  on  the  changes  that  happen  to  the  fixed 
stars,  in  the  Phil.  Trans,  for  1796,  p.  186 ;  Sir  John  Herschel  in  the  Cape 
Observations,  p.  350 — 352;  and  also  in  Mary  Somerville*B  excellent  work 
entitled  Connexion  of  the  Physical  Sciences,  1846,  p.  407. 

(®°)  p.  178. — Encke,  Betrachtungen  uber  die  Anordnang  des  Stera- 
systems,  1844,  S.  12  (Kosmos,  Bd.  iii.  S.  86,  Engl.  ed.  p.  27  >;  Madler, 
Astr.  S.  445. 

(*•)  p.  180.— Halley  in  the  Phil.  Trans,  for  1717—1719,  Vol  m. 
p.  736.  The  consideration,  however,  referred  only  to  variations  in  latitude; 
Jacques  Cassini  first  added  variations  in  longitude  (Arago  in  the  Annoaire 
poup  1842,  p.  387). 

(*^)  p.  180.— Delambre  Hist,  de  I'Astr.  Modeme,  T.  ii.  p.  658;  the 
author  in  the  Hist,  de  TAstr.  an  IS^rae  si^le,  p.  448. 

(»^)  p.  181.— Phil.  Trans.  Vol.  Ixiiii.  p.  188. 
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(^*)  p.  181.— Bessel  in  SchamaoheF's  Jahrbnch  for  1839,  S.  38 ;  Arago 
Annuaire  for  1842,  p.  389. 

(**)  p.  182. — See  on  a  Centanri,  Henderson  and  Maclear,  in  the  Memoirs 
of  the  Astron.  Soc*  Vol.  xi.  p.  61 ;  and  Piazzi  Smyth,  in  the  Edinb.  Trans. 
VoL  zyL  p.  447>  The  proper  motion  of  Aretnrus,  2'*25  (Baily,  in  the 
Memoira  of  the  Astr.  Soc.  Vol.  ▼.  p.  165),  as  belonging  to  a  very  bright  star, 
nay  be  called  large  in  comparison  with  that  of  Aldebaran  0'*186  (Madler, 
Central  sonne  S.  11),  and  that  of  a  Lyras  0''400.  Among  stars  of  the  1st 
magnitude  a  Centanri,  with  its  rery  large  proper  motion  of  3'' 58,  forms  a 
nmarkable  exception.  The  proper  motion  of  the  binary  star-system  in 
Cygnua,  amounts  according  to  Bessel  (Schum.  Astr.  Nachr.  Bd.  xri.  S.  93), 
to  B'-123. 

(»•)  p.  182.— Schumacher's  Astr.  Nach.  No.  465. 
{^)  p.  182.— The  same  No.  618,  S.  276.  D* Arrest  founds  the  result  on 
comparisons  of  Lacaille  (1750)  with  Brisbane  (1825),  and  of  Brisbane  with 
Taylor  (1836).  The  star  2151  Pnppis  has  a  proper  motion  of  7**871,  and 
ia  of  the  6th  magnitude  (Madear  in  Madler's  Untcrs.  iiber  die  Fiistem-Sys- 
teme,  Th.  ii.  S.  6). 

(*•)  p.  182.— Schum.  Astr.  Nachr.  No.  661,  S.  201. 
(•»)  p.  183.— The  same.  No.  514—516. 

(*»)  p.  183.— Struve,  Etudes   d'Astr.   Stellaire,  Texte,  p.  47,   Notes, 
p.  26,  and  51—67  ;  Sir  John  Herschel,  Ontl.  f  859  and  860. 
(***)  p.  184.— Origenes  in  Gronov.  Thesaur.  T.  x.  p.  271. 
(•")  p.  184.  — Laplace,  Expos,  du   Systeme  du  Monde,  1824,  p.   395. 
Lambert,  in  his  Cosmological  Letters,  shews  a  remarkable  leaning  to  the  as- 
aomptinn  of  dark  cosmical  bodies  of  great  size. 

p**)  p.  184. — Madler,  Untersuch.  iiber  die  Fixstem-Systeme,  Th.  ii. 
(1848,)  S.  3,  and  the  same  Author's  Astronomic,  S.  416. 

(*»*)  p.  185.— Compare  Kosmos,Bd.  iii.  S.  96  and  180  (Engl.ed.p.  77— 
78,  Note  149)  ;  Laplace,  in  Zach's  Allg.  Greogr.  Ephem.  Bd.  iv.  S.  i. ;  Madler, 
Aatr.  S.  893. 

(»*)  p.  186.-Opere  di  GalHeo  Galilei,  Vol.  xii.  Milano,  1811,  p.  206. 
Thia  remarkable  passage,  which  expresses  the  possibility  of  a  measurement, 
and  a  project  for  its  execution,  was  discovered  by  Arago ;  see  his  Annnaire 
pour  1842,  p.  882. 

(^)  p.  187.— Bessel,  in  Schumacher's  Jahrb.  for  1839,  S.  5  and  11. 

(^  p.  188.— Struve  Astr.  Si  ell.  p.  104. 

{^  p.  188. — Arago,  in  the  Connaissance  des  tems  pour  1884  p.  281: 
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"Noas  observ&mes  avec  beancoap  de  soin,  M.  Matliiea  et  moi,  pendaotie 
moU  d'ao^t  1812,  et  pendant  le  mois  de  novembre  soivant,  la  haoteor  angir 
laire  de  Tetoile  au-dessos  de  Thorizon  de  Paria.     Cette  hanteor,  k  la  leconde 
^poqne,  ne  sarpasae  la  haatenr  angnlaire  de  r^toile  ao-dessus  de  rhorizon  de 
Paris.     Cette  hantenr,  k  la  seoonde  6poqae,  ne  sarpasse  la  haatenr  angulaire^ 
la  premiere  qae  de  0''66.     Une  parallaxe  absolae  d'ane  senle  eeconde  aonit 
n^cessairement  amen6  entre  ces  deux  hauteurs  nne  difference  de  l'*2.   Koi 
observations  n'indiquent  done  pas  que  le  rayon  de  Torbite  terrestre,  que  S9 
millions  de  lienes  soient  vos  de  la  61«i^  da  Cjgne  sons  an  angle  de  plus 
cTune  demi  teconde,    Mais  nne  base  vne  perpendicolairemnit  sootend  no 
angle  d'une  demi-seconde  qnand  on   en  est  61oign6  de  412  mille  fois  u 
longneur.     Done  la  61  <^  da  Cygne  est  au  moins  h  une  distance  de  laTeire 
6gnle  h.  412  mille  fois  39  millions  de  lienes." 

(*»)  p.  188.— Bessel  published  in  Schnm.  Jahrb.  1839.  S.  39-49,  and  m 
the  Astr.  Nachr.  No.  366,  the  result  0''*3136,  as  a  first  approximation.  Hit 
subsequent  final  result  was  0''3483  (Astr.  Nachr.  No.  402  in  Bd.  xrii. 
S.  274).  Peters  found  by  his  own  observations,  the  almost  identical  resalt 
of  0"-3490.  (Struve,  Astr.  stall,  p.  99.)  The  alterations  which,  after  Bewers 
death.  Professor  Peters  made  in  that  astronomer's  calculation  of  the  angnlar 
measurements  obtained  with  the  Konigsberg  Heliometer,  were  founded  on  the 
circurastance  that  Bessel  himself  (Astr.  Nachr.  Bd.xvii-  S.  267)  had  promised 
to  subject  the  influence  of  temperature  on  the  results  with  the  heliometer  to  a 
fresh  examination,  which  intention  he  executed  partially  in  the  1st  Vol.  of  his 
"  Astronomischen  Untersuchungen,"  but  did  not  apply  the  temperature  cor- 
rection to  the  observations  of  parallax.  This  application  was  made  by  Peten 
(Erganzungsheft  zu  den  Astr.  Nachr.  1849,  S.  56),  and  in  conseqaence  this 
distinguished  astronomer  found  0"'3744,  instead  of  0'-3483. 

(>'0)  p.  188.— This  result  of  0*-3744  gives,  according  to  Argelander,  the 
distance  of  the  double  star  61  Cygni  from  the  Sun  s  550900  mean  distaooes 
of  the  Earth  from  the  Sun,  or  11394000  German  (45576000  English)  geo- 
graphical  miles ;  a  distance  which  light  traverses  in  3177  mean  days.  By 
the  three  successive  assignments  of  parallax  given  by  Bessel,  0'*3136, 
0'*3483,  and  0'3744,  this  star  has  come  (apparently)  gradually  nearer  to  us  ; 
they  correspond  respe'^tively  to  light-passages  of  10,  9^,  and  ftft  years. 

(3«»)  p.  188.— Sir  John  Herschel,  Outlines,  p.  545  and  551.  Miidler 
(Astr.  S.  425)  gives  for  a  Centauri,  instead  of  0'-9128,  the  parallax  0'-9218. 

(^^^  p.  189. — Struve,  SteU.  compos.  Mens,  microm.  p.  clxii. — clxxii. 
Airy  considers  the  parallax  of  a  Lyrse,  which  Peters  has  already  diminished 


NOTES.  kxiii 

to  O'*!,  to  be  still  lest;  i.  « .  to  be  too  small  for  measarement  with  oar  pte- 
sent  iDstrumeots  (Mem.  of  the  Royal  Astr.  Soc.  Vol.  x.  p.  270). 

C**)  p.  189.— Strove  on  ^licrometer- measurements  in  the  large  refractor 
of  the  Dorpat  Observatory  (Oct.  1839)  in  Schnm.  Astr.  Nachr.  No.  896,  S. 
178. 

("*)  p.  189.- Peters  in  Strove's  Astr.  stell.  p.  100. 

p»0  P- 189.— Idem,  p.  ICl. 

("*)  p.  191. — Oil  the  relation  of  the  amount  of  proper  motion  to  the 
proxiniity  of  the  brightest  stars,  compare  Strove,  Stell.  compos.  Meosorse 
mkroci.  p.  dxiv. 

Q'")  p.  192. — Savary,  in  the  Counaissance  des  Terns  pour  1830,  p.  56— 
69,  and  p.  163 — 171 ;  and  Strove,  Stell.  compos.  Mensurse  niicrom.  p.  clxiv. 

C**)  p.  193.~Kosmos,  Bd.  i.  S.  150  and  414;  English  edition,  p.  184, 
and  xxxvii.  note  101. 

C»*)  p.  193.— Madler.  Astronomic,  S.  414. 

(^)  p.  193. — ^Arago  (Annoaire  pour  1842,  p.  383)  first  called  attention 
to  this  remarkable  passage  of  Bradley  ;  compare  in  the  same  Annnaire  the  sec- 
tion on  the  movement  of  translation  of  the  entire  solar  system,  p.  389 — 399. 

(***)  p.  195. — According  to  a  letter  to  myself,  see  Schnm.  Astr.  Nachr. 
No.  622,  S.  848. 

(^  p.  195. — Galloway  on  the  Motion  of  the  Solar  System,  in  the  Phil. 
Trans.  1847,  p.  98. 

(^  p.  196. — ^The  Talue  or  otherwise  of  such  views  is  discussed  by  Arge- 
lander  in  a  memoir  entitled  Lber  die  eigene  Bewegung  des  Sonnensystems, 
hergeleitet  ans  der  eigenen  Bewegung  dar  Sterne,  1837,  S.  39,  '*  on  the  proper 
motion  of  the  solar  system,  deduced  frjm  the  proper  motion  of  stars,*'  p.  39. 

P**)  p.  197. — Compare  Kosmos,  Bd.  i.  S.  149  (English  edition,  p.  134), 
and  Madler's  Astr.  S.  400. 

(**)  p.  197.  — Argelauder,  work  above  quoted,  S.  42 ;  Madler  Centralsonne, 
S.  9,  and  Astr.  S.  403. 

(**)  p.  197. — Argehinder,  last  cited  work,  S.  43,  and  in  Schnm.  Astr. 
Nachr.  No.  566.  Guided  not  by  numerical  investigations,  but  only  by 
ftmdfol  conjectures,  Kant  had  taken  Sirius,  and  Lambert  the  Nebula  in 
Orion's  belt,  for  the  central  body  of  our  sidereal  stratum.     Strove  Astr.  stell. 

p.  17,  No.  19. 

(»)  p.  197.— Madler,  Astr.  S.  380,400,407,  and  414;  his  Centralsonne 
1846,  S.  44 — 47 ;  his  Untersuchungen  iiber  die  Fixstera  Systeme,  Th.  ii. 
1848,  S.  183—185  (Alcyone  is  in  R.  A.  54°  30*,  Decl.  23°  36',  for  the  year 
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1840.      If  the  paraUaz  of  Alcyone  were  really  O^HMMS,  then  its  dbUnee 
would  amoaut  to  31|  millioa  times  the  semi-diameter  of  the  Earth's  orint ; 
thus  it  would  be  fifty  times  more  distant  firom  us  than  the  dooUe  rttr  61 
Cygni,  aooordiog  lo  Beuel's  earliest  determination.    Light  which  eoaies  fron 
the  Sqd  to  the  Earth  in  8'  18'-2,  would  require  500  years  to  tranl  Grmi 
Alcyone  to  the  Earth.    The  Imagination  of  the  Greeks  delighted  in  wiU 
estimations  of  space  fallen  through.    In  Hesiod's  Theogony,  ▼.  722r-72S, 
it  is  said,  speaking  of  the  fall  of  the  Titans  to  Tartarus,  ''¥nMa  once  la 
iron  anvil  fell  from  heaven,  nine  days  and  nights  it  fell,  and  <hi  the  taiAh  it 
reached  the  Earth."    To  this  fall  taking  place  in  777600  seeondsof  tiiH, 
the  corresponding  distance  (taking  into  account,  according  to  GaDe's  edbi- 
lation,  the  great  decrease  of  the  Earth's  attractive  ((uroe  at  ^aaetaiy  db* 
tances)  4s  77356  Geraum  (309424  Euglish)  geographical  mika^  or  once  and 
a  half  the  distance  from  the  Moon  to  tho  Earth.     But  aooording  to  Hoont, 
II.  i.  952,  Hepbeestos  fell  down  to  Lemoos  in  only  one  day,  and  merdy  "itill 
breathed  a  little."    The  length  of  the  chain  hanging  down  from  Olympai  to 
the  Earth,  by  which  all  the  goda  were  to  easay  to  draw  Zeos  down  (D.  fm. 
18),  is  left  indefinite.    It  is  an  image  intended  to  express,  not  the  height  of 
heaven,  but  the  strength  and  surpassing  might  of  Jnpiter. 

(^  p.  198. — Compare  the  doubts  expressed  by  Peters  in  Schnm.  Astr. 
Nachr.  1849,  S.  661,  and  by  Sir  Juhn  Herscbel  in  the  Outlines  of  Astr. 
p.  589.  "  In  the  present  defective  state  of  our  knowledge  respecting  tbe 
proper  motion  of  the  smaller  Stars,  we  cannot  but  r^ard  all  attempts  of  the 
kind  as  to  a  certain  extent  premature,  though  by  no  means  to  be  discouraged 
as  forerunners  of  something  more  decisive." 

(^)  p.  199.— Compare  Kosmos,  Bd.  i.  S.  152—154  and  414  (Eng.ei 
p.  136 — 138,  and  xxxvii.)  (Struve  iiber  Doppelsterne  nach  Dorpater 
Micrometer-Messungen  von  1824  bis  1837,  S.  11). 

(»o)  p.  200.— Kosmos,  Bd.  iu.  8. 64—67, 110-118  and  166—168  (Eng. 
ed.  p.  47 — 50,  and  108 — 110).  As  remarkable  examples  of  visual  power  in 
particular  individuals,  I  may  mention  that  Kepler^s  instructor,  MosHin,  saw 
with  the  naked  eye  14,  and  some  of  the  Ancients  9,  stars  in  the  group  of 
the  Pleiades.    (Madlcr,  Uutersoch.  fiber  die  Fixstem-Systeme,  Th.  ii.  S.  86.) 

(**»)  p.  200.— Kosmos,  Bd.  iii.  S.  271  (Eng.  ed.  p.  185.)  Dr.  Gr^ory  of 
Edinburgh  also  recommended  the  same  method  in  1675  (33  years  therefore 
after  Galileo's  death)  ;  compare  1  homes  Birch,  Hist,  of  the  Royal  Society, 
Vol.  iii.  1757,  p.  225.  Bradley  (1748)  alludes  to  this  method  at  the  end  of 
bis  celebrated  treatise  on  Nutation. 


,»»)  ]i.  201— Midler,  Aslr.  S.  M7 
(™)  p.  301.— Ar^o  in  the  inniuiire  fur  1842,  p.  400. 
(^**)  p.  201. — "  An  Igqatry  into  tbe  probable  FaiBllai  and  Magnitude  ot 
the  fixed  SUra,  from  the  qnantit;  ol  light  wliich  the;  afford  ns,  and  the  pit- 
Ucular  ciTeumatBnces  of  their  sitration,  b;  the  Rev.  John  MiclieU:  is  the 
PhU.  Trans.  Vol.  Ivii.  p.  231—261 . 

I,'*)  p.  gOS.^ohn  Michell,  wme  work,  p.  238.  "  If  it  ihodld  hereafter  be 
foaiid,  that  nn)  of  the  stars  have  othera  rerolTing  aboaC  theni  (for  no  nteDites 
ttjH  borrovred  light  coM  poitiily  be  vuii/e),  me  thould  then  hsTe  the  meani 
of  discoTering  ,  .  .  ."  He  deaiea  tbmnghont  the  whole  discussion,  that 
DDfl  of  two  revolving  riua  ctn  be  a  dark  planet,  reflectiiig  light  not  it>  own, 
sioce  both  are  visible  to  ns  Dotmthstanding  the  diiUnce.  He  compares  botb 
the  stare,  the  larger  of  which  he  calls  the  "  Ceotral  Star,"  with  the  deosit;  of 
our  sun,  and  applies  the  term  "Satellite"  only  for  the  pnrpose  of  caoTefiiig 
the  idea  of  rpvolatioo,  or  reciprocal  motion.  Ha  speaks  of  Iho  "  greatrat 
•ppareut  eloDgalion  of  those  stars  that  revolved  sboot  the  others  is  satellites." 
Fnrther  on  he  buji,  "We  may  conclude  nlth  the  highest  probability  (the 
odds  against  the  contrary  opioion  being  maji;  million  millions  to  one)  that 
ttua  form  a  kind  nf  system  by  mnlnal  gravitatian.  It  is  highly  probable  ta 
partieiitar,  and  neit  to  a  certainty  in  gi^neraJ,  I  hat  snch  donhle  stars  as 
appear  U)  consist  of  tno  or  more  stars  placed  near  together,  are  onder  the 
influence  of  some  general  law,  snch  perhspa  as  gravity."  (Compare  also  Arago 
in  the  Ann.  1834,  p.  308,  and  in  the  Ann.  1843,  p.  400.)  No  gnat  weight 
can  be  ascribed  to  Ibe  numerical  results  of  the  cdIcuIdb  of  probabilities,  as 
giveu  by  Jlichell,  taken  separately  ;  as  the  gnppositinns  laid  down,  that  there 
are  iti  the  entire  hentcns  2K0  stars  equal  in  intensity  of  light  to  ff  Capricoroi, 
aad  1500  eqnal  to  the  light  of  the  six  larger  Pleiades,  are  not  at  all  con'eet. 
The  ingenious  coumological  memoir  of  John  Michell  terminates  vith  the  very 
haiardons  sltrnipt  to  eiploio  the  scinlillalion  of  the  (iied  stars  by  a  kind  of 
"  pulsation  in  material  effluiea  of  light,"  an  attempt  as  little  forlunale  as  that 
pot  forth  by  Simon  Marios,  one  of  the  discoverers  of  Jnpiter's  sstellites  (Kos- 
moa,  Bd.  ii.  S.  357  and  fiOy,  Eng.  ed.  p.  316,  note  4B4)  at  the  end  of  hla 
Uundus  Jovinlis  (1614).  Michell,  however,  has  the  merit  of  having  called 
attention  (p.  2fl3)  to  the  circnmelaDce  that  scintillation  is  alnays  CDmbioed 
nith  change  of  colour  -,  "  besides  their  brightness,  there  ie  in  the  twinkling  of 
the  Eied  stars  a  change  of  oalaar."  (See  Koamoa,  Bd.  iii.  S.  12S,  Eng.  ed. 
note  129.) 

.  £03. — Stnive  in  the  Recneil  dea  Actes  de  la  Stance  pnbliijue  da 
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TAcad.  Imp.  des  Sdenoes  de  St.  Petenbooig,  \e  29  d^.  1832,  p.  4»-M. 
Modler,  Astr.  S.  478. 

(»')  p.  203.— Phil.  Trans,  for  the  jear  1782,  p.  40—126;  for  1783, 
p.  112—124,  for  1804,  p.  87.  On  the  obsenrational  basis  of  the  846  doabk 
stars  of  Sir  Williain  Hcrschel,  compare  Madler  in  Schamacher's  Jahrbadi  fur 
1839,  S.  59,  and  the  same  author's  Untersuchungen  iiber  die  Fixsten-S^ 
teme,  Th.  i.  1847,  S.  7. 

C^)  p.  205.— Madler  in  the  last-named  work,  Th.  i.  S.  255.  We  hire  for 
Castor,  two  old  observations  of  Bradley's,  1719  and  1759,  the  first  taken  eoa* 
jointly  with  Pond's,  the  second  with  Maskelyne's,  and  two  of  William  Ho* 
schel's,  of  1799  and  1803.  For  the  time  of  revolation  of  X  Yiigiiiig,  tee 
Madler,  Fixstem-Syst.,  Th.  ii.  1848,  S.  234—240. 

(**)  p.  205. — Struve,  Mensura  microm.,  p.  xl.  and  p.  234 — 248.  Then 
are,  in  all,  2641  -f-  146;  therefore,  2787  obeenred  multiple  stars.  (Midler, 
in  Schnm.  Jahrb.  1839,  S.  64). 

C^)  p.  205. — Sir  John  Herschel,  Astron.  Observ.  at  the  Cape  of  Good 
Hope,  p.  165—303. 

(«»)  p.  206.— Idem,  p.  167  and  242. 

(***)  p.  206. — Argelander,  in  examining  a  large  number  of  fixed  stare  fori 
most  careful  investigation  of  their  proper  motion.  See  his  roemoire,  DliX 
Stellanim  fixarum  positiones  medise  inennte  anno  1830,  ex  observ.  Abos 
habitis  (Helsingforsise,  1825).  Madler  (Astr.  S.  625),  estimates  at  600 
the  number  of  multiple  stars  discovered  in  the  northern  celestial  hemisphere 
at  Pulkova  since  1837. 

(^  p.  247. — ^The  number  of  fixed  stars  in  which  proper  motion  has  been 
perceived  (while  we  may  conjecture  its  existence  in  all),  is  a  little  greater  than 
the  nnmber  of  multiple  stars  in  which  a  diffrence  of  relative  position  has  been 
observed.  Madler,  Astr.  S.  394,  490,  and  520—540.  Struve,  in  his  Mens, 
microm.,  p.  xciv.,  gives  the  results  of  the  application  of  the  calculus  of  proba- 
bilities to  these  relations,  according  as  the  distances  apart  of  the  double  or 
multiple  stars  are  between  0*  and  1',  2'  and  8",  or  16"  and  32.'  Distances 
less  than  0^*8  have  been  appreciated,  and  experiments  with  very  closely  placed 
artificial  double  stars  have  confirmed  the  observer's  hopes  of  sach  estimations 
being  for  the  most  part  secure,  as  far  as  O'.l.  Strove  uber  DoppeLsteme 
nach  Dorpater  Beob.  S.  29. 

(^)  p.  208. — John  Herschd,  Cape  Observations,  p.  166. 

C^)  p.  208. — Struve  Mensurse  microm.,  p.  Ixxvii.  to  Ixzxiv. 

i^)  p.  208 — John  Herschel,  Outlines  of  Astr.,  p.  679. 
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(*")  p.  SOB. — Two  pluses,  pnaentmg  camplemeatary  eokiars,  bdog  placed 
over  eaeh  other,  give  n  thite  image  of  the  Sun.  Doring  mj  long  «l»f  ttl  the 
Puis  Obsenntor]',  m;  friend  &rago  employed  this  trrangement  with  great 
tdvnDtage,  in  the  place  oF  the  ordinHrj  ahade-glHaHea^  for  obseryatioiu  of  solai 
Ech'paes,  and  of  the  Sou's  spots.  The  coloure  to  be  takeoare — red  and  green, 
fellow  and  blae,  or  green  md  Tiulet.  "  Lar»ja'ime  lumiere  forte  K  trooTS 
aaprea  d'une  Inmiera  faihle,  la  deroiSre  prend  U  teinta  amplemenlairt  dc  la 
premii^.  C'est  lii  Ic  conlrailei  male  eomme  le  rouge  n'e^t  presqae  jamus 
par,  on  pent  toot  aossi  biea  dire  qoe  le  range  eet  comply  men taire  dn  blea. 
Les  conlenn  voisiues  da  Spectre  aolure  te  sabstitnent."  (Arago,  M3.  of 
1847). 

(***)  |).  309.  — Arago  in  the  Connaisance  des  Terns  ponr  Ten  1S28, 
p.  29D— 300,  and  pour  1334,  p.  246—250,  and  pnar  1613,  p.  34T— 
350.  "  Les  eiceptiona  qne  je  cite,  prouveut  que  j'avais  bien  raison  eu 
1835  de  a'inlrodnire  la  doUod  physique  du  conlrmle  dsns  la  question 
des  itoilea  donbles  qn'eveo  la  pina  grande  reserve.  Le  hlen  eat  !a  coa- 
leor  reelle  in  certainea  ^faileB.  11  rfaulte  dea  ohaenBtions  recneillies 
jnaqn'];!  qne  le  finnament  est  noa  sealemeDt  parsemf  de  soleils  rouga  nt 
jaifaea,  comtne  Ic  savaient  lea  Aneiene,  niak  encore  de  aoleila  bleia  el  nerli. 
Ceal  an  teais  et  a  dea  ubwrvationi  fnlurra  A  nous  apprendre  si  lea  eloiles 
verlcs  et  bleues  ne  sant  pas  dea  soleils  dejiL  en  roie  de  decrDissance ;  si  let  dif- 
ferenlM  nnaneea  de  cea  aatrea  n'indiquent  pas  qae  ie  combustion  e'y  opere  1 
diKreni  degree ;  ai  la  teinte,  avec  eices  de  TBfons  les  plas  r^tVangibles,  qns 
preiente  souvnnt  la  peli'e  etoile,  ue  tieadrait  pas  fi  la  force  abaorbanle  d'une 
atmosphere  qot  developperait  I'sclion  Je  i'f  toile,  ordinairement  beaiicoup  ptn* 
briUante,  qa'eile  accompogoe. — (Arago  in  the  Anauaire  for  1834,  p.  295 — 


("*)  p.  209. — Slruve  iiber  Doppelatenie  nnch  Dorpater  Beobaehlongen, 
1837,  S.  33—36,  and  Menaure  microm.  p.  Iiniii.,  enumerates  siitj-three 
pnira  of  alara,  in  nhich  both  star^  are  blue  or  bluish,  and  in  which,  there- 
fore, the  colour  cannot  he  the  result  of  contrast.  'Wlien  it  is  necessary  to 
GOVnan  together  the  colours  of  the  same  donhle  elars,  as  giien  by  different 
obaerren,  it  is  particularly  slriting  to  renmrk  how  often  the  companion  of  * 
led  or  yellowish  red  star  is  called  blue  by  one  observer,  aud  grem  by  Buother. 

("">  p   209.— Arago  in  the  Annuuire  for  1834,  p.  302. 

(»')  p.  209.— KosmoB,  Bd.  iii.  S.  168—172;  Eng.  ed.  p.  110—114. 

(»"j  p.  210.— "This  superb  double  star  (a  Cculaori)  is  beyond  aU  com- 
■t  striking  object  of  the  land  in  the  heavens,  and  cansista  of 
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two  nfififaK  ^oA  of  A  IqI^  nidf  or  ormgo  ookmr,  tiiCNigh  tbat  of  tki 
smaller  k  of  a  wtrtrf  Bore  aomlve  and  l»avniish  cast."  Sir  John  Her- 
•did.  Cape  OlamaiioM,  p.  300.  Aeeording  to  the  Taloable  oWmtiooiof 
Captain  Jacob,  of  the  Boidbaf  Engineen^  in  1846 — 1848,  the  principal  stu 
it  ff^m***^  al  the  Ut  mi^nitiide,  and  the  eompanion  firom  the  2*5  to  the 
Srd  oagnitade* 
(^)  p.  210.— KoBMM,  Bd.  iiL  S.  235^  949  and  259,  £ng.  ed.  pp.  155, 

249.  and  note  274. 

(^  p.  211w— Strare  uber  Boppdst.  nadi  Doipat.  Beob.  S.  88. 

(»)  p.  211.— Same  work,  8.  36. 

r^)  p.  211.— Madkr,  Astr.  S.  517;  John  Hersdiel,  Oatlines,  p.  568. 

(^;  p.  211. — Compare  Midkr,  Untersodi.  uber  die  Ilzstem-Sy8teme,T)L 
i.  S.  226—275,  Th.  n.  S.  235—240;  the  nme  Aaihor«  in  hi  Aitr.  S.  541; 
and  John  Hendid.  Oatlinei,  p.  573. 

i  ^^)  p.  215.— Kosmoft,  Bd.  L  S.  86—91  and  158  (English  edition,  p.  74 
—79  and  142) ;  Bd.  iL  S.  369  (En^ish  edit  p.  328}  ;  Bd.  iii.  S.  47-51, 
17&»  219,  and  231  (English  edit.  p.  37—41,  120, 136,  and  150). 

(3»)  p.  215.— Kosmoa,  Bd.  iii.  S.  267—269  (EngL  edit.  p.  182—188). 

(»w)  p.  217.— Kosmos,  Bd.  i  S.  87  (Engl.  edit.  p.  76). 

^)  p.  218.- Kosmos,  Bd.  iii.  S.  99,  131,  Anm.  62;  178  and  210,  Aom. 
71 :  Engl.  edit.  p.  80,  Note  151 ;  p.  119,  Note  237. 

(^-')  p.  219. — Before  the  expedition  of  Alvaro  Becerra.  The  Portngaese 
advanced  in  1471  to  the  South  of  the  Equator.  See  Hnmholdt,  Examen 
critique  de  THist.  de  b  Geogr.  dn  Nonveau  Continent,  T.  i.  p.  290 — 292. 
On  the  Eastern  side  of  Africa,  the  commercial  route  through  the  Indian 
Ocean  from  Ocelis  on  the  Straits  of  Bab-el-Mandeb  to  the  Entrepot  of 
Mozeris  on  the  Malabar  coast  and  to  Ceylon,  being  favoured  by  the  south- 
west monsoon  (Hippalus),  was  fr^uented  under  the  Ptolemies  (Kosmos,  fid. 
ii.  S.  208  aud  433,  Note  21 ;  EngL  edit.  p.  169,  Note  261).  On  aU  these 
routes  the  Magellanic  clouds  must  have  been  seen,  although  they  have  not 
been  described. 

(3®)  p.  219.— Sir  John  Herscbel,  Cape  Observations,  $  132. 

(3«)  p.  219.— Kosmos,  Bd.  u.  S.  857  and  509,  Note  48.  Galileo,  who  sought 
to  attribute  the  difference  between  the  days  of  discovery  (29  Dec.  1609,  and 
7  Jan.  1610)  to  the  difference  of  calendars,  in  his  wrath  at  what  he  terms 
the  " bugia  del  impostore  ereiico  Guntzenhusano"  goes  bo  fisur  as  to  declare 
"  che  molto  probabilmente  il  Eretico  Simon  Mario  non  ha  osservato  giammai 
i  Pianeti  Medicei'*  (see  Opere  di  GaUleo  Galilei,  Padova,  1744,  T.  ii.  p.  235 
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—287 ;  and  Nelli,  Tita  e  Commercio  Letterario  di  GalUei,  1793,  Vol.  i.  p. 
240 — 246).  Yet  the  "Eretico"  had  expressed  himself  in  a  very  modest  and 
peaceable  manner  respecting  the  measure  of  his  own  merit  in  the  discovery. 
"  I  merely  maintain,"  said  Simon  Manns  in  the  Preface  to  the  Mundns 
Jovialis,  "that,  hsec  sidera  (Brandenburgica)  a  nnllo  mortaliam  mihi  nlla 
ratione  commonstrata,  sed  propria  indagine  sub  ipsissimnm  fere  tempos,  vel 
aliqnanto  citius  qno  Galilsens  in  Italia  ea  primum  yidit,  a  me  in  Germania 
adinventa  et  observata  fuisse.  Merito  igitur  Galilseo  tribviitar  et  manet  lans 
primse  inventionis  horum  sidemm  apud  Italos.  An  antem  inter  meos  Ger- 
manos  qnispiam  ante  me  ea  invenerit  et  viderit,  hactenus  intcUigere  non 
potm." 

'    C**)  p«219. — *' Mundns  Jovialis  anno  1609  detectus  ope  perspicilli  Belgid," 
Noribergse,  1614. 

(»)  p.  220.--Ko8mos,  Bd.  ii.  S.  368  (Engl.  edit.  p.  327). 
(*0  P-  220.— Kosmos,  Bd.  iii.  S.  180  (Engl.  edit.  p.  122). 
(**)  p.  221 . — "  Galilei  not6  che  le  Nebulose  di  Orione  null'  altro  erano  che 
macchi  e  coacervazioni  d'  innnmerabili  Stelle"  (Nelli,  Vita  di  Galilei,  Vol.  i. 
p.  208). 

P")  p.  221. — "In  prime  integram  Ononis  constellationem  pingere  decre- 
veram ;  vero,  ab  ingenti  stellarum  copia,  temporis  vero  inopia  obrutns, 
aggressionem  banc  in  aliam  occasionem  distuli. — Cum  non  tantnm  in  Galaxia 
lactens  ille  candor  veluti  albicantis  nnbis  spectetur,  sed  complures  consimilis 
eolorii  areola  tparsim  per  athera  subfulgeanty  si  in  illamm  quamlibet  spe- 
dllnm  convertas,  Stellamm  constipatarum  coetnm  offendes.  Amplius  (quod 
magis  mirabile)  Stellee,  ab  Astrcnomis  singulis  in  banc  usque  diem  Nehihsa 
appellatse,  Stdlarum  mimm  in  modum  consitarum  greges  sunt :  ex  quarum. 
radiomm  commixtione,  dum  unaquaque  ob  exilitatem  sen  maximam  a  nobis 
remotionem,  ocnlorum  aciem  fugit,  candor  ille  consurgit,  qui  densior  pars 
oceli,  Stellarum  aut  Solis  radios  retorqnere  valens,  hucusque  creditus  est." 
— Opere  di  Galileo  Galilei,  Padova,  1744,  T.  ii.  p.  14 — 15  ;  Siderens  Nun- 
cios, pp.  IS,  15  (No.  19—21),  and  35  (No.  56). 

(370)  p.  221. — Compare  Kosmos,  Bd.  iii.  S.  106.  I  would  also  recall  the 
vignette  at  the  conclusion  of  the  Introduction  of  Hevelii  Firmamentum  Sobes- 
cianum,  1687)  iu  which  three  genii  are  seen,  two  of  whom  are  observing  with 
the  sextant  of  Hevelins ;  while  to  the  third  genius,  who  carries  a  telescope 
and  appears  to  offer  it,  the  observers  answer :  Prsestat  uudo  oculo  1 

^)  p.  221. — Huygens,  Systema  Satumium,  in  his  Opera  varia,  Lngd. 
Bat.  1724,  T.  ii.  p.  523  and  593. 
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of  &e  Eiri  of  Kane's  Great  Tdeacope,"  p. 
of  the  mAmbt  icaohed  in  Mardi  1&I5  I7  Dr. 
"Ik.  BobiBtoB  eonld  not  knt 


this  part  of  kis  subject  without  calling  attenlioD  to  the  fact,  that  no  real 
nebula  seemed  to  eiist  amoog  to  many  of  thcie  objecls,  cbaaen  without  en; 
biu :  all  ttfpeared  lo  lio  dmtera  of  atars,  and  every  additional  one  which  shill 
be  resolred  will  he  an  additional  ar^nient  Dgainst  the  eiislenee  of  any  aoch" 
(Schnmacher,  Astr.  Nachr.  No.  636).  In  the  "  Notice  snr  lea  ^aiida  ISi^^ 
Bcupea  dc  Lord  Oimantown,  Hojoord'hiii  Earl  of  Bosae"  (BibliothSqne  univep-  "• 
selle  dfl  Geneve,  T.  Mi,  1345,  p.  3*2—357),  it  la  said  :  "  Sir  Jaraea  South 
Tsppelle  quo  jamais  il  n'a  vu.  de  ccpr^aeatatioaa  aideratea  ausei  migiii£que<  que 
celles  que  lui  offrait  rinstrumeat  de  Faraouatowu;  qu'nne  bonne  panic  del 
ofibuleuses  se  presentsient  comme  dee  amaa  ou  groupes  d'etoilea,  taadia  qne 
qnelquea  autrca,  &  sea  jeui  du  moins,  n'ofiradent  aucune  apparence  da  Haoln- 
tion  en  etoUea." 

(^  p.  236. — Geport  of  the  Fifteenth  Meeting  of  the  British  AesociatiQU 
hdd  at  Cambridge  in  June  1815,  p.  niii. ;  and  OntUnes  of  Aatronoiny,  p. 
5B7  and  593.  "  By  far  the  major  part,"  anja  Sir  John  Herscliel,  "  probably 
at  least  nine-teuths  of  the  nebulone  contenta  of  the  heaveua,  consist  of  nebuln 
of  spherical  or  elliptical  forms,  preeenling  every  variety  of  elongatioa  and 
central  condensation.  Of  theao,  a  great  Bwmier  have  been  resolved  iato 
distant  stars  (by  tlie  Keflector  of  the  Earl  of  Roaae],  and  a  vast  nnmbcr  more 
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0  of  optical  power  woeld  slion  them  tu 
be  siraibrly  eorapoacd.  A  not  unnatural  or  unfair  induction  would  therefore 
eeem  to  be,  that  those  which  resist  auch  resolntion  do  ao  only  in  consequence 
of  the  amallnesa  and  closeness  of  the  stars  of  which  tbey  consist;  that  in  short 
they  are  Odly  optieatly  and  not  phyaically  nehuloua. — Altbongl  nebula  do 
exist  whieh  even  in  this  powerful  teleacope  (of  Lord  Kosse)  appear  as  nebaUe 
withont  any  sign  of  resolution,  it  may  very  reasonably  bo  doubted  whether 
there  be  really  any  essential  pbysicol  diatinction  between  ncbulie  and  clnstera 
of  stars." 

{™)  p.  238.— Dr.  Nichol,  ProfEssotof  AatronDiny  at  Glaagow,  hai  pnbUahed 
in  his  "Thonghts  on  some  Important  Points  relating  lo  the  System  of  the 
Woitd,"  1346,  p.  56,  this  letter,  doted  Castle,  Farsonstown  :  "  Inaccardanee 
with  my  promise  of  commnnicating  to  you  the  reanit  of  our  eiamination  of 
Oiion,  I  think  1  may  safely  say,  that  there  can  be  little,  if  any,  donbt  as  to 
the  rcBolvahility  of  the  nebula.  Since  you  left  us,  there  was  nnt  a  single 
night  when,  in  the  ahsenoc  of  the  moon,  the  air  was  Sue  enough  \a  admit  of 
our  itsiitg  more  than  half  tlie  magnifying  power  the  speculum  hears ;  still  we 
eould  f  l>i>ilf  Bce  that  all  about  the  trapezinm  ii  a  mass  of  itsis ;  the  rest  af 
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the  nebula  also  abounding  with  stars,  and  exhibiting  the  chancteriitiei  of 
resolvability  strongly  marked." 

(3»)  p.  227.— Compare  Edinburgh  Review,  Vol.  Ixxivii.  1848,  p.  186. 

(3»)  p.  227.— Kosmos,  Bd.  iii.  S.  183  and  212,  Anm.  84  (Engliah  edit, 
p.  125,  Note  250). 

(»7)  p.  227.— Kosmos,  Bd.  iii.  S.  44  (English  edit.  p.  85). 

(»)  p.  228.— Newton,  Philos.  Nat.,  Principia  mathematica,  1760,  T.  a 
p.  671. 

(3»)  p.  228.*Kosmos,  Bd.  i.  S.  146  (Engl.  edit.  p.  181). 

(^  p.  228.— Kosmos,  Bd.  i.  S.  412,  Anm.  66  (Engl.  edit.  Note  96). 

(»»)  p.  228.— Sir  John  Herschel,  Cape  Observations,  $  109—111. 

(^)  p.  229. — It  may  be  proper  to  explain  here  the  grounds  on  which  this 
enumeration  is  based.  The  three  Catalogues  of  Sir  William  Herschd  contain 
2500  objects ;  viz.  2808  nebulae,  and  197  star-^losters  (Madler,  Astr.  S.  448). 
These  numbers  underwent  alteration  in  a  later  and  much  more  exact  leriew 
of  the  heavens  by  Sir  John  Herschel  (Observations  of  Nebulse  and  dusten 
of  Stars  made  at  Slough  with  a  Twenty-feet  Reflector,  between  the  yean 
1825  and  1833 :  Phil.  Trans.  1833,  p.  865—481).  About  1800  objeeti 
were  identical  with  those  of  the  three  earlier  catalogues ;  but  from  three  to 
four  hundred  were  provisionally  excluded,  and  more  than  five  hundred  newtjr 
discovered  ones  had  their  Right  Ascension  and  Declination  determined 
(Struve,  Astr.  stellaire,  p.  48).  The  Northern  catalogue  contains  152  dusten 
of  stars,  consequently  2307  — 152^2155  nebulse;  but  in  the  Southern  cata- 
logue (Cape  Observ.  p.  3,  $  6  and  7)  we  have  to  deduct  from  4015—2307 
SB  1708  objects  (among  which  there  are  236  star-dusters)  233  (viz.  89-1' 
135  +  9  :  see  Cape  Observ.  p.  3,  $  6  and  7)  and  p.  128)  as  bdonging  to  the 
Northern  catdogue,  observed  by  Sir  William  and  Sir  John  Herschd  at  Sloogfa, 
and  by  Messier  at  Paris.  There  thus  remain  for  the  Cape  ObservatioiiB, 
1708  -  233  » 1475  nebulse  and  clusters,  or  1239  nebulse  only.  To  the  2307 
objects  uf  the  Northern  catdogue  of  Slough  we  have  to  add,  ou  the  other  hand, 
135  +  9  =  144.  Thus  this  Northern  list  becomes  increased  to  2451  objects, 
containing,  after  deducting  152  clusters,  2299 nebulae;  whidi numbers, how- 
ever, do  not  apply  to  a  very  strict  limit  of  the  horizon  according  to  the 
height  of  the  Pole  at  Slough.  If  in  the  topography  of  the  firmament  it 
is  deemed  proper  to  assign  numericd  ratios  to  the  two  hemispheres,  the 
author  thinks  that  it  is  right  to  do  so  carefully,  dthough  the  numben 
in  question  must  dways  be  expected  to  vary  at  different  epochs,  and 
atcording  to  the  progress  of  observation.     It  bdongs  to  the  general  design  of 
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Iks  preaeat  work  (a  &tlenipt  to  depict  the  stale  of  liuonleilge  at  a  dctcmiiDBle 

(^  p.  S29> — Sir  Joha  Herschd  saja,  in  p.  131  ot  his  Cape  Observitioas, 
"  Thete  aie  between  300  aod  100  nebu1»  of  Sir  William  Henchel'i  Catalagns 
itiU  unabserred  bf  me,>-for  the  most  port  very  faiot  olgecli,"  .... 

(»)  p.  220.— Cape  Observ.  i  7.  (Compare  Dunlop's  CaWogne  of  JJebulffl 
and  Cloatera  of  the  Southcni  Uemispbere,  in  the  Phil.  Trans,  for  lB2d,  p. 
114—146.) 

(™J  p,  B30.— Kosmos,  Bd.  iii.  S.  297  (Engl.  edit.  p.  308—207.) 
(>»)  p.  230.- Gape  ObsetT,  (  105— JOT. 

(W)  p.  231.— In  Kosmoa.  Bd.  iii.  S.  181,  line  6  from  below,  by  an  error 
□f  the  press,  the  nords  South  Pole  and  North  Pole  have  been  iaterchaiiged 
[tbie  was  rectiGed  in  the  EDgU^h  edition,  p.  1S4,  liae  8  from  tup]. 

(™)  p.  331. — "In  thia  reffion  of  '  Tago,'  occupying  about  one-eighth  of 
the  whole  snrl^  of  the  spben,  one-thu-d  of  the  entire  nebulous  contents  of 
the  hetvens  are  congregated"  (Outlinea,  p,  596). 

^  p.  231.— On  this  "  barrno  regiou"  see  Cape  ObBerv.  i  101,  p.  135. 
_  (*'°)  p.  233. — 1  found  these  numerical  data  on  the  summing  op  of  the 
Inambeia  furnished  by  the  projection  of  tbe  nottliErn  heavens,  in  the  Cape 
BpbniT.  PI.  li. 

r  (*")  p.  233.— Hnmboldt,  Eiamen  ctit.  de  THist.  de  la  Qeographio,  T,  iv. 
p.  SIO.  In  the  long  series  of  voyages  uudertakeu  under  the  influence  of  the 
Infante  Don  Henrique  by  the  Puctugnese  along  the  West  coast  of  Africa 
toward!  the  Equator,  the  Venetian  Cadamoito  (whose  proper  name  was  Alvise 
da  Ca  da  Mosto),  after  joining  Antoulotto  Usodimore  at  the  mouth  of  the 
Senegal  in  1464,  was  the  Srat  who  oceapied  his  attention  with  the  search 
■flee  a  southern  Pole-star.  "  As,"  said  he,  "  I  still  see  the  northern  Pule- 
itar"  (ho  was  in  abont  13°  North  latitude),  I  cannot  see  the  south  one  itself; 
but  the  cauBUllstion  which  I  see  farthest  tonards  the  South  is  the  Cacro  del 
Orfro  (the  Southern  Wain  or  Car)."  (Aloyaii  Cadam.  NaTig.  cap.  43,  p.  82 ; 
KamoBio,  Celle  Natigazioni  et  Vinggi,  Vol.  1.  p.  107),  Ma;r  ^^  ^»v'^  formed 
for  himself  a  cor  or  wain  from  louic  large  stars  of  the  conatellation  of  the  Ship? 
The  idea  that  each  of  the  two  Poles  had  ita  car,  appears  to  bate  been  so  pre- 
valent at  that  time,  that  In  the  llinerariam  Fortugallense,  1508,  fol.  23,  h. 
and  in  Grynaus,  Notus  Orhia,  1532,  p.  5S,  there  is  a  constellation,  quite 
rimilar  to  the  Little  Bear,  figured  as  having  been  seen  hj  CadarnDsto  ;  while 
BamnjTO  (NavigaLloni,  Vol.  I.  p.  1Q7)  and  the  new  Collecfao  de  Noticias  para 
e  geogr.  das  Nacoes  Ultramarinas  (T.  ii,  Lisboa,  1812,  p.  57,  cap.  S9) 
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figure  instead,  .bat  in  an  equally  arbitraiy  manner,  the  Sonthem  Cross  (Hum- 
boldt, Ezamen  crit.  de  THist.  de  la  G^ogr.  T.  v.  p.  236).    As  it  was  usual 
in  the  Middle  Ages  to  seek  to  replace  the  two  dancers  (xop^vrcu)  of  HTginos 
(Poet,  astron.  iii.  1),  t.  e,  the  Ladentes  of  the  scholiast,  to  Germamcos,  or 
Cnstodes  of  Vegetins,  in  the  Little  Bear, — -ihe  stars  jS  and  7  of  that  constel- 
lation were  made  into  the  Guards  (le  dae  Gaardie)  of  the  North  Pole,  near 
to  which  they  are  situated,  and  round  which  they  revolve ;  and  as  this  name 
of  the  "  two  Guards,"  as  well  as  the  use  made  of  them  for  determining  the 
height  of  the  Pole  (Pedro  de  Medina,  Arte  de  Navegar,  1545,  libro  v.  cap.  4 
— 7)  p.  183 — 195),  had  become  general  among  the  navigators  of  all  Eoropeu 
nations  in  the  Northern  Seas — so,  erroneous  mferences  of  analogy  led  moi  to 
think  they  discovered  on  the  southern  horizon  what  they  had  long  before 
sought  for  there.    When  Amerigo  Vespucci,  on  his  second  voyage  firom  May 
1499  to  Sept.  1500,  and  Vicente  Yanez  Pinzon  (both  whose  voyages  are 
perhaps  the  same),  arrived  as  far  south  in  the  Southern  Hemisphere  as  Cape 
San  Augustin,  they  first  began  to  occupy  themselves  diligently,  but  vainly,  in 
seeking  for  a  star  visible  in  the  immediate  vicinity  of  the  Southern  Pole 
(Bandini,  Vita  e  Lettere  di  Amerigo  Vespucci,  1745,  p.  70;   Anghiera, 
Oceanica,  1510,  Dec.  I.  lib.  iz.  p.  96 ;  Humboldt,  Ezamen  crit.  T.  iv.  p.  205, 
819,  and  325).    The  South  Pole  of  the  heavens  was  then  in  the  constellation 
of  the  Octant,  so  that  /S  Hydrse  minoris,  if  we  make  the  reduction  according 
to  Brisbane's  Catalogue,  had  still  fully  80°  5'  South  Declination.    Vespucci, 
in  a  letter  addressed  to  Pietro  Francesco  de'  Medici,  said :  "  Whilst  I  was 
occupied  with  the  wonders  of  the  southern  heavens,  and  seeking  amongst 
them  in  vain  for  a  southern  Pole-star,  I  remembered  a  few  words  of  our 
Dante,  where,  in  the  first  chapter  of  the  Purgatorio,  supposing  himself  passing 
from  one  hemisphere  to  the  other,  and  intending,  J  believe,  to  describe  the 
Antarctic  Pole,  he  sings — 


"  lo  mi  vols!  a  man  destra' 


)i 


I  feel  the  more  certain  that  the  poet  meant  to  indicate  by  his  four  stars  (non 
viste  mai  fuor  ch'  alia  prima  geute)  the  Pole  of  the  other  firmament,  becanse 
I  saw  in  reality  four  stars  which,  together,  formed  a  'mandorla,'  and  had  a 
small  (?)  motion."  Vespucci  meant  the  Southern  Cross,  the  Croce  maravigliosa 
of  Andrea  Corsali  (Letter  from  Cochin  of  the  6th  of  January,  1515,  in 
Ramusio,  Vol.  i.  p.  177)}  with  the  name  of  which  he  was  not  yet  acquainted, 
and  which  subsequently  was  made  use  of  by  all  navigators  (like  iS  and  7  of 


(he  Little  Beir,  in  tiiB  cue  of  lie  North  Polo)  for  finding  Iho  Sunthern  Pole 
(M^m.  it  I'Acad,  <!»  Sciences,  lfl(i6— 16S9,  T.  vi!.  Part  2.  Paris,  1729,  p, 
58),  and  for  determinalions  of  latilode  (Pedro  de  Medioa,  Arfc  de  Nttreggr, 
161B,  libro  t,  cap.  li.  p.  201).  Coiupore  wlint  I  have  said  on  tie  subject  of 
Dsatc'a  famous  passage  id  mj  Eiamcn  crit.  ds  I'Hist.  de  ta  Geogr.  T.  ir.  p. 
319 — 334.  1  also  remarked  there  tliat  a  Crucis,  with  which  ia  modern 
times  Duulop  in  1S36,  aad  Kumker  in  I8S6,  occupied  thetuselvea  at  Pari- 
melU,  is  one  of  the  stars  earliest  tecognised,  in  1881  and  1B87,  by  the 
Jesuit  Footaney,  and  bj  Noei  and  Riehand,  aa  multiple  stars  (Hist,  de  I'Aead. 
dep.  1696—1699,  T.  ii.  Par.  1733,  p.  19  ;  Mem.  de  I'Aoad.  dep.  1B66— 
1699,  r.  vii.  3,  Par.  1739,  p.  ^0e ;  Lctlres  ^mantes,  Recneil  vii, 
1703,  p.  79).  Snch  eaily  recognition  of  biuary  system!,  \iins  Ijefo™  Ite 
double  star  t  Urss  msj.  was  recugnised  as  such  (Port  1.  of  present  volume, 
p.  £01),  19  the  moTC  remarkable,  because  seventy  years  nRerwards  Lnculle 
did  not  describe  a  Crucis  as  a  double  star, — possibly,  as  coojectured  by 
Rumker,  beconse  the  priocipal  star  and  its  companion  were  at  that  time  at 
too  imall  a  distance  apart.  (Compare  Sir  John  Herschel,  Cape  Observations, 
i  183—185.)  Almost  at  the  some  time  that  thcdonblo  character  of  a  Crucis 
KB!  discovered,  that  oF  a  Centauri  was  also  recognised  by  Richaud  nineteen  yeara 
before  the  voyage  of  Feuillee,  to  whom  this  discovery  his  been  erroneou'lj 
iis«ribed  by  tlendersou.  RIchaud  rem nrked that,  "atthctimeof  theeometof 
1689,  the  two  stars  which  form  the  doublestaraCruciswercatacoosiderable 
distance  apart  \  hnt  that  the  two  eomponenta  of  a  Ccotanri,  although,  when 
viewed  through  a  Iwclve-feet  refractor,  they  might  indeed  be  clearly  rccog- 
niaed  as  distinct,  yet  appeared  almost  to  touch  each  other." 

(™^  p.  234.— Cape  Observations,  }  44  and  104. 

<™)  p.  334.— Kosmoa.  Bd.  iii.  S.  179  and  211  (Engl.  edit.  p.  120,  and  Nolo 
240).  ¥el,  as  has  been  already  remarked  in  treating,  in  the  iirst  port  of  Che 
present  volume  (p.  132),  of  star-elnsters.  Hr.  Boud,  of  the  United  States  of 
North  AmeriiM,  has  sncoeeded,  by  the  eitraordinary  space-penetrating  power 
of  bis  refractor,  in  entirely  resolving  the  long  drawn  oat  elliptical  aehala 
in  Andromeda,  which,  according  to  Bonillaod,  hod  been  described  before 
Simon  Harins,  in  985  and  in  1428,  and  which  iios  a  reddish  light.  In  the 
vioinity  of  this  celebrated  nebula  there  is  another,  still  unresolved,  bat 
very  closaly  resembling  it  in  form,  discovered  on  the  27th  of  August,  1783, 
by  my  friend  the  lata  Miss  Caruiine  HcrscLel,  who  died  at  a  highly  advanced 
ago,  honoured  by  aD.  (Se«  Phil.  Trans.  1B33,  No.  61  ot  the  list  of  aebnlie, 
fig.  62). 
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(^)  p.  235. — AnDQlar  nebnk:  (Cape  Obaer^.  p.  58 ;  OntlineB  of  A«tr.  p. 
602) ;  Nebulense  perforee :  (Arago,  in  the  Annuaire  for  1 842,  p.  42S) ;  Bond, 
in  Schnm.  Astr.  Nachr.  No.  611. 

(*»)  p.  235.— Cape  Observations,  p.  1 14,  PL  vi.  fig.  3  and  4 ;  oompare 
also  No.  2072,  in  the  Phil.  Trans,  for  1833,  p.  466.  See  Lord  £0686*1 
drawings  of  the  ring-nebula  in  Lyra,  and  of  the  singnlar  crab-nebula  in  Nichol's 
"ThoughU  on  the  System  of  the  World,"  p.  21,  PL  if.;  and  p.  22,  PL  L 
fig.  5. 

(^  p.  236. — B^;arding  the  planetary  nebula  in  Ursa  mijor  as  a  sphere^ 
and  supposing  it  placed  at  a  distance  firom  ns  not  more  than  that  of  61  Cygni, 
its  apparent  diameter  of  %'  40^'  would  imply  an  actual  diameter  seven  times 
greater  than  that  of  the  orbit  of  Neptune  (Outlines,  %  876). 

(^  p.  236.— Outlines,  p.  603 ;  Cape  Observations,  ^  47.  An  orange-nd 
star  of  the  8th  magnitude  is  near  No.  3365,  bnt  the  planetary  nebula  still 
appears  of  a  deep  indigc-blne  when  the  red  star  is  not  in  the  field  of  the  tele- 
scope :  the  colour  is  therefore  not  the  effect  of  contrast. 

(«»)  p.  236.— Kosmos,  Bd.  iii.  S.  173,  299,  and  309  (Engl.  edit.  p.  US, 
208—209,  Note  348).  In  more  than  63  double  stars  the  companion  and 
the  principal  star  are  both  blue  or  bluish.  Small  indigo-blue  stars  are  inter- 
mingled in  the  superb  many-coloured  star-duster  No.  3435  of  the  Cape  Cata* 
logue  (Dunlop's  Cat.  No.  301).  There  is  an  entirely  uniform  blue  cluster  of 
stars  in  the  southern  heavens  (No.  573  of  Dunlop,  No.  8770  of  John  Her- 
schel).  It  has  3]^'  diameter,  with  projections  which  run  out  to  8'  of  length: 
the  stars  are  from  the  16th  to  the  14th  magnitude  (Cape  Observ.  p.  119). 

(«»)  p.  236.— Kosmos,  Bd.  L  S.  88  and  387  (Engl.  edit.  p.  76,  Note  81). 
Compare  Outlines,  %  877. 

(^'^)  p.  236. — On  the  complexity  of  the  dynamic  relations  in  the  partial 
attractions  in  the  interior  of  a  spherically  round  star-clnster,  which  in  weak 
telescopes  appears  as  a  round  nebula  denser  towards  the^ centre,  see  Sir  John 
Herschel,  in  Outlines  of  Astronomy,  %  866  and  872 ;  Cape  Observ.  $  44  and 
111—113 ;  Phil.  Trans,  for  1833,  p.  501 ;  and  Address  of  the  President  in 
the  Report  of  the  Fifteenth  Meeting  of  the  British  Association,  1845,  p.  xxxvii 

(*")  p.  237.— Mairan,  Traite  de  I'Aurore  bor^ale,  p.  263  (Arago,  in  the 
Annuaire  for  1842,  p.  403—413). 

if^  p.  238. — Other  instances  of  nebulous  stars  are  only  from  the  9th  to 
the  8th  magnitude ;  as,  for  example.  No.  311  and  No.  450  of  the  Catalogue 
of  1833,  fig.  31,  with  photospheres  of  1'  30"  (Outlines,  $  879). 

(<^  p.  238.— Cape  Observations,  p.  117,  No.  3727,  PI.  vi.  fig.  16. 


C")  p.  BSa. — Tha  foUowing  may  bo  cited  as  reuiBrkable  forma  of  irregular 
uebolec  ;■ — the  oae  resembUng  the  letter  OmcgB  (see  Cape  Obscrr.  PL  ii.  Bg. 
1,  No.  2008,  and  which  was  also  osamined  and  deaccibtd  by  tamont  and  by 
B  highly  promiBing  too  early  deceased  North  AmeriottQ  astronomer,  Mr. 
Mason,  in  the  Memoirs  of  the  AmericaQ  Fhilueophical  Society,  Vol.  vd.  p, 
177)  ;  a  ii*iJa  with  aii  or  eight  Qudei  (Cape  Obs.  p.  19,  PI.  iii.  fig.  *) ;  a 
Eomet-like  tutt-abaped  nebula  in  which  the  nchuloua  roja  somctimCB  appear 
u  if  proceeding  from  a  star  of  the  0th  magnitude  (PI.  vi.  lig.  IS,  No.  2SSi 
and  SQSS) ;  a  nehola  resembUng  the  shada  prafile  of  a  boat  (PI.  it.  lig.  4,  No. 
3075)  ;  a  creviced  opening  iaclosiog  a  thread-like  oebnla  (No.  3B01,  PI.  iv. 
fig.  2).~0utluieB,  I  8S3 ;  Cape  Obs.  «  ISl. 

("■}  p.  239.— Koemos,  lid,  Hi.  S.  ISS  [Engliah  edit.  p.  121)  ;  Outtinca,  } 
785. 

("^  p.  E39.— Koamoa,  Bd.  i.  S.  157  and  415,  Note  83  (Engl.  edit.  p.  HI, 
Note  113.  Sir  John  Herschel,  first  cdiiioD  of  Treatias  od  Aatronomy,  1833, 
ia  Idrdner'a  Cabinet  Cyclopsdia,  f  616;  Littrow,  Theoretiache  Aetronomie, 
1831,  Tb.  ii.  }  231. 

(■"')  p.  339.— See  Edinburgh  Eeview,  Jan.  1818,  p.  137;  and  Cape  Oba. 
i  9B  and  107-  "  4  Jone  of  nebulie,"  saya  Sir  John  Hetsehel,  "  oncircUng 
the  heavens,  has  ao  many  interruptiona,  and  ia  so  faintly  marked  out  through 
by  far  tha  greater  part  of  the  cu-cumfcreuce,  that  its  eiiatence  as  such  can  he 
hudly  mora  than  suapected." 

(">;  p.  240.—"  There  ia.  1  think,  no  doubt,"  wrote  Dr.  Galle.  "  that  the 
drawing  which  you  have  sent  ma  (Opere  di  Galilei,  Padova,  1714,  T.  ii.  p.  14, 
Nd.SO)  includes  Orion'a  belt  and  sword,  and  therefore  the  star  6;  bntfrom  the 
ebrioasioaccaracyofthcdraning,  the  three  anuili  atars  in  the  sword,  the  middle 
one  of  which  ia  S,  and  n-hich  to  the  uoaaaisted  eye  appear  to  form  a  straight 
line,  are  diffiealt  to  find.  I  alionld  think  that  you  have  poialol  out  the  star  i 
eorrectlj,  and  that  the  bright  star  to  the  right  of  it,  or  the  star  immediately  above, 
u  9,"  Galileo  says  eipresaly  :  "In  primo  integrara  Ononis  comtEllatianem 
[ungere  decrereram ;  Terum,  ab  iugenti  stellarum  copia,  temporis  vero  inopia 
obmtus,  aggre».iDncm  hancinaliara  occasionem  distuli."  The  attention  given 
by  Galileo  to  the  cossCellatioa  of  Oriuu  ia  the  more  remarkable,  because  tbe 
uomber  of  400  atars  which  he  thought  he  counted  in  about  ten  square  de- 
jrecs  between  the  lielt  and  the  sword  (Nelli,  Vita  di  Galiioi,  Vol.  i,  p.  208) 
misted  Lambert  {Cosmolog.  Biicfe,  17B0,  S,  155)  so  long  afterwards  into  the 
err«neuiie  estimate  of  1650000  stais  in  the  ivhole  firmament  (Stmve,  Aatr. 
iteUairt.  p.  11,  and  Note  18). 
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(«>)  p.  240.— KouDos,  Bd.  ii.  S.  869  (Eng.  ed.p.828). 

(^  p.  241. — "Ex  his  aotem  tres  ilia  pene  inter  se  contigiUB  stdk, 
cmnqoe  his  alise  qoataor,  Telat  trans  nehulam  looehant :  ita  nt  spatiam  dica 
ptas,  qoa  fonna  hie  oonspidtor,  molto  illustrios  apporeret  leliqno  omni 
eftlo ;  quod  com  apprime  serenom  esset  ac  cerneretor  nigerrimum,  yeLnt  hiitu 
quodam  interrnptom  videbator,  per  qaem  in  plagam  magis  laddam  eaaet  profi* 
pectas.  Idem  Tcro  in  hane  usque  diem  nihQ  immutata  facie  sspius  atqoe 
eodem  loco  oonspexi ;  adeo  ut  perpetuam  illic  sedem  habere  credibile  sit  hoc 
quidquid  est  portenti :  eni  certe  simile  aliud  nusqnam  apud  reliquas  finas 
potni  animadvertere.  Nam  csterse  nebulosse  olim  ezistimat®,  atque  ipsa  m 
lactea,  perspidllo  inspectse,  nullas  nebulas  habere  comperiuntur,  neque  aliud 
esse  qoam  plurium  stellarum  congeries  et  frequentia"  (Christiani  Hogenii 
Opera  varia,  Lugd.  Bat.  1724,  p.  640-541).  The  magnifying  power  employed 
bj  Huygens  in  his  23-foot  refractor  was  estimated  by  himself  at  only  one 
hundred  times  (p.  588).  Are  the  '*  quatnor  stelle  trans  nebulam  Incentes" 
the  stars  of  the  trapezium  ?  The  small  and  very  rough  drawing  (Tab  xlm 
fig.  4,  phenomenon  in  Orione  novum)  represents  only  a  group  of  three  stan; 
and  indeed  near  an  indentation  which  might  be  taken  for  the  Sinus  magnus. 
Perhaps  only  the  three  stars  of  the  trapezium  which  are  between  the  4th  aod 
7th  magnitudes  are  indicated.  Dominique  Cassini  boasted  that  he  was  the 
first  person  who  had  seen  the  fourth  star. 

(^')  p.  241. — William  Cranch  Bond,  in  the  Transactions  of  the  American 
Academy  of  Arts  and  Sciences,  new  series,  Vol.  ill.  p.  87-96. 

(<2^  p.  242.— Cape  Observations,  J  54-69,  PI.  viii. ;  Outlines,  §  837  and 
885,  PI.  iv.  fig.  1. 

(^  p.  242. — Sir  John  Herschel,  in  the  Memoirs  of  the  Astron.  Soc.  Vol. 
ii.  1824,  p.  487-495,  PI.  vii.  and  viii.  This  latter  drawing  gives  the  nomen- 
clature of  the  different  regions  of  the  nebula  in  Orion  which  has  been  exa- 
mined by  so  many  astronomers. 

{^^)  p.  242. — Delambre,  Hist,  de  TAstr.  modeme,  T.  ii.  p.  700.  Cassini 
reckoned  the  appearance  of  this  fourth  star  (*'  aggiunta  della  quarta  steila  alle 
tre  contigue")  among  the  alterations  which  he  considered  the  nebula  in  Orion 
had  undergone  in  his  time. 

(***)  p.  242. — "  It  is  remarkable  that  within  the  area  of  the  trapezium  no 
nebula  exists.  The  brighter  portion  of  the  nebula  immediately  adjacent  to 
the  trapezium,  forming  the  square  front  of  the  head,  is  shown  with  the 
18 -inch  reflector  broken  up  into  masses,  whose  mottled  and  curdling  light 
mdently  indicates,  by  a  sort  of  granular  texture,  its  consisting  of  stars ;  and 
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when  eiunined  under  the  grcBl  light  of  Lori]  Rosse'e  reflector,  oi  the  eiijui- 
Btte  deSuing  powpi  of  ttis  great  scbromatic  at  Cambridge,  U.S.,  i>  evidently 
perceived  to  consiBt  of  clustering  itars.  The™  can,  therefore,  he  Terj  little 
doubt  as  to  the  whole  caoaiiting  of  atara,  too  miiiute  to  be  diKemed  iocbTt- 
dually,  even  with  these  powerful  aids,  but  which  become  visible  as  paints  of 
light  when  doecl}'  adjacenl  in  the  more  crowded  parts"  (Oallines,  p.  609). 
W.  C.  Bond,  who  employed  a  23-foDt  rctrnctor,  furaithcd  with  ■  11-ineb 
ol^ect  glasa,  uys  :  "  There  is  a  great  diminution  of  light  in  the  interior  of 
the  trapeiinm,  hot  no  anspiciuu  of  a  atar  (Mem.  of  the  Ainer.  Acad.,  new 
Kries,  Yal.  iii.  p.  93). 

(**)  p.  WS.— Phd.  TranB.  tor  the  year  1811,  Vol.  ci.  p,  324. 
{•")  p.  2*3.— Tfansact.  of  the  Rojal  Soc,  of  Edinburgh,  VoL  ivL  1B4U, 
F«rt4,  p,  415. 

<<»)  p.  343.— Kosmoa.  Bd.  iii.  S.  251-a64  ;  Eng.  ed.  p.  171-174. 
(*»)  p.  243.— Cape  Observatjoua,  (  70-80,  PI.  ii.;  Outlines,  (  867,  PI. 
IT.  Bg.  a. 

{*^  p.  244.— Kwmo.,  Bd.  a.  S.  148 ;  Eng.  ed.  p.  112. 
{«■)  p.  244.— Cape  Ohaeryation.,  f  24,  PI.  i.  fig.   1,  No.  37il  of  the 
Ckt.j  OnUinea,  i  868. 

(")  p.  24*.— NebuUiu  Cjgnua;  partinUyin  U.  A,  201'  49",  N.  P.  D.  58° 
27'  (Outlines,  §  891).    Cou:iwire  Cat.  of  1833,  No.  2092,  PI,  li.  fig.  34. 

(*»^  p.  Sifi.— Compare  the  drawinga  in  PI.  u.  fig.  2,  with  PI.  v.  in  the 
"Thoughls  on  some  Important  Points  relating  to  the  Syatem  of  the  Wurld," 
1846  (by  Dr.  Niehol,  FrofcBaorof  Aatronomj  at  Glaagow),  p,  22.  Sir  John 
Herschcl,  in  his  Outlinea  of  Aatronomj,  p.  007,  says^"  Lord  RuaM  describes 
and  figures  this  aehnla  u  reicdved  into  numeroua  atara  mih  intermixed  ne- 
iula." 

(»•)  p.  245.— KosrooB.  Bd.  i.  9.  1B7  aad  115,  Anm.  81  (Eng.  ed.  p.  141 
and  iHiiii.),  where  the  nebula  No.  1622  ia  called  a  "  brother-system." 

(*")  p.  245.— Report  of  the  16lh  MeEting  of  the  British  Aasociation  for 
the  Advancement  of  Science,  Notices,  p.  4  ;  Niehol,  Thoughts,  p.  23  (oom- 
pue  PI.  ii.  ag.  1  with  FI.  (i.)  In  the  Outlines,  §  882,  it  is  aaid,  "  the 
ivhole,  if  not  clenrly  resolved  into  stun,  hsa  >  Tiiolvoile  chuucter  which 
erideotly  iudicatca  its  compoaitlou." 

(•»)  p.  24fl.— Koamos,  Bd.  i.  S.  88  and  887  (Awo.  2) ;  Eng.  ed.  p.  78 
and  Note  82. 

(o?)  p,  240.- Lacaille,  in  the  Man.  de  I'Acad.  aanee  1755,  p.  186.  It 
i«  ol(jection»ble  to  apply,  as  Homer  and  Littrow  have  done,  the  name  o( 
"MagoUnnio  Spots  or  Cape-clouila"  to  the  coal-sacks, 
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Opu246.— KflHiai»Bd.iLS.829aQd485  (Anm.  6) ;  Sag.  «d.  p. 
xcr.  Note  41(6. 

(**;  pu  ^7. — Uder,  Untemduingen  uber  den  Unpmng  mid  die  Budn. 
t«^  der  StcnMBca  (IiiYWtigntioas  respecting  the  Origin  and  Signififiatinn  of 
tkeXiBcsofStan),  1809,  S.x]ix.  and  262.  The  name  Abdamhman  Sof  if 
■hkiiiiicd  bjOog^Bcg  from  AbdnmhmanEbn-Omar  Ebn-MohammedEba* 
Sdbl  Ahsl-Hana  d-^nfi  d-Bazi.  Ulngh  B^  who,  like  Naadr-eddiB,  eor. 
neCed  the  liar-posiioBi  of  Ptolemy  hy  his  own  obaezrations  (1437)}  owu 
to  having  honowed  the  pontions  of  27  more  aouthem  stars,  not  viable  at 
Samarcaiid,  firom  Ahdimahman  Sofi. 

(^  p.  248.— Compare  my  geogrsphical  inqniries  respecting  the  disoovoj 
of  the  south  point  of  Africa,  and  the  statementa  of  Cardinal  Zoria  and  Cooat 
Bahirfli,  in  the  Examen.  crit.  de  Fhist.  de  la  Geogr.  anx  15^e  et  16^ 
Siedes,  T.  L  p.  229-348.  It  is  a  curioas  faid  that  the  diseoveiy  of  the  Gipe 
of  Good  H(^e,  whidi  Martin  Bdudm  calls  Terra  Fragosa,  not  Cabo  Tor- 
mfiitoBQ,  was  made  by  Diaz  in  coming  from  the  eastward  (frt)m  Algoa  Bay, 
in  33°  47'  S.  laL,  more  than  T  18'  east  of  Table  Bay).  Lichtenstan  im 
Vateriandisehcn  Mnseom,  Hamhorg,  1810,  S.  372-389. 

(*")  p.  249. — The  important,  and  not  sufficiently  noticed,  disooveiy  of  the 
Sooth  point  of  the  New  Continent,  in  S.  lat.  55°  (very  characteristicaUy  i]id>> 
cated  in  Uidaneta's  joomal  by  the  words  '*  acabamiento  de  tierra,"  the  ceasing 
or  terminating  of  the  land),  belongs  to  Francisco  de  Hoces,  who  commanded 
one  of  the  ships  of  Loaysa's  Expedition  in  1526.  He  probably  saw  a  part  of 
Tlerra  del  Fuego  west  of  Staaten  Ishuid  i  for  Cape  Horn  is,  accordbg  to 
Fitz-Boy,  in  55°  58'  41".  Compare  Navarrete,  Yiages  y  descnbrim.  de 
los  Espafioles,  T.  ▼.  p.  28  and  404. 

(♦«)  p.  250.— Humboldt,  Examen  crit.  T.  iv.  p.  205,  295-816 ;  T.  ?.  p. 
225-229  and  235  (Ideler,  Stemnamen,  S.  346). 

(*«)  p.  250.— Petrus  Martyr  Angl.,  Oceanica,  Dec.  DI.  Ub.  i.  p.  217.  I 
can  show,  from  the  numerical  data  in  Dec.  II.  lib.  x.  p.  204,  and  Dec  III. 
lib.  X.  p.  232,  that  the  part  of  the  "  Oceanica"  in  which  the  Magellanic  Cbuds 
are  mentioned  was  written  between  1514  and  1516;  therefore,  immediately 
after  the  Expedition  of  Juan  Diaz  de  Solis  to  the  Rio  de  la  Plata  (then  called 
"Bio  de  Solis,  una  mar  dulce").    The  latitude  assigned  is  much  too  high. 

(***)  p.  251.— Kosmos,  Bd.  ii.  S.  329,  Bd.  iii.  S.  151  and  175  ;  Eng.  ed. 
Vol.  ii.  p.  290,  Vol  iii.  p.  94  and  117. 

(<«)  p.  252.— Kosmos,  Bd.  i.  S.  88  and  387,  Anm.  2 ;  Eng.  ed.  p.  76  and 
XV.  Note  32.  Compare,  in  Cape  Observations,  143-164,  the  MageUanic 
Clouds  as  they  appear  to  the  naked  eye,  PL  vii. ;  telescopic  analysis  of  the 
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Nnbecnli  nugor,  PI.  l. ;  md  the  Nebula  of  the  Dorado  represented  aepu- 
ralel]!,  PI.  ii.  igi  (f  20-2S):  Outlines,  g  60S-8%,  Pl.v.  fig.  1;  and  James 
Dunlop,  in  the  Phil.  Trans,  for  1838,  Part  i,  p.  14,7-151.  So  erroneous 
were  the  views  of  earlj  ohsBTvere,  that  the  Jesuit  Foutaney,  nu  observBr  highlj 
esteemed  bj  Dominique  Cassiui,  and  to  whom  oiauj  vslnable  ostrouomicsl 
obserrations  from  India  and  China  an  oning,  virotc,  as  late  as  IGSG — "Le 
grand  et  Ic  petit  Nusgcs  sent  dem  choses  singnlieres.  lis  ne  poroissent 
■uennemcnt  nn  amas  d'^loilcs  comme  Prioacpe  Cancri,  ni  mSme  nne  luenr 
sombre  comma  la  nelinlensa  d'Androm^e.  On  n'y  Toit  preaqae  rien  aveo 
de  tr£s  gtandei  lanelles,  qaoiqne  sons  ce  sccoure  on  let  Toje  fort  btanos,  par- 
tiiiulierement  le  grand  Nuage"  (Lettre  dn  F^  de  Foutaneji  an  Pcre  de  la 
Chaise,  Confeascur  du  Roi,  in  the  Lettros  ^difiantei,  Kecueil  vii.  1T03,  p. 
78 ;  and  Hist,  do  I'Acod.  dea  Sciences  dcp.  1086-1089,  T.  u.  Paris.  1738, 
p.  19), — I  have  followed  Sir  John  Honohol  Bidufiively  in  the  deseriptionor 
the  Magellanic  Clouds  given  in  the  text. 

{*")  p.  ao2.— KosmoB,  Bil.  ui.  S.  183  and  212  (Amn,  85) ;  Bag,  aS.  p. 
12Gandliiv.  Note  261. 

(*«)  p.  252.— The  same,  S.  180  and  211  (Aura.  75);  £ng.  «d.  p.  129  and 
Ldii.  Note  Sll. 

(*^  p.  254.— Compare,  in  Capo  ObBervations,  §  20-e3  and  133,  the  One 
drawing,  PI.  ii.  fig.  4,  and  a  small  special  map  in  the  grnphical  analysis,  PI.  i, ; 
Bi  weU  as  Outlines,  g  B90,  FJ.  t.  fig.  I.; 

(^  p.  255.— Kosmos,  Bd.  ii.  S,  S2S  and  iU  (Anm.  5) ;  Eng.  ed.  p. 
aee  and  icv.  Mots  115. 

(™)  p.  265.— Mem.  de  I'Acad.  des  Sciences,  dep.  ISSQ  jusqn'i  1899,  T. 
vii.  Partie  2  (Paris.  1729).  p.  206. 

(•")  p.  £55.— Letter  to  Olben  from  St,  Catherine's  (Jan.  18U4),  in  Zach's 
UonalL  Correspondenz  eut  BcTord.  dei  £rd-  uuil  Himmels-kmide,  Bd.  i.  S. 
240.  (Respecting  Feuillec's  observation,  and  the  rough  drawing  of  the  black 
patch  in  the  Southern  Cross,  compare,  also,  Zacb's  Correspondenz,  Bd.  it. 
1807,  S.  3BS-B91). 

(•=)  p.  250.— Cai«  Ohscrvalions,  PI.  liii. 

{«)  p.  268.- Outlines  of  Astronomy,  p.  B31. 

(*<)  p.  256.— Cape  Obseivalions,  p.  381,  No.  3107  of  the  ealalogne  of 
nehnlai  and  star-cluslers.  (Compare  Dunlop,  in  the  Phil,  l^aus.  for  1B28, 
p.  119,  and  No.  212  of  his  catalogue). 

C")  p.  867. — "  Cctl«  apparcBce  d'ua  noir  fonct  dam  la  paitie  oricnlala  de 
k  Cioii  du  Sud,  qui  trsppe  la  vuc  de  Ions  ceni  qui  legaident  le  del  aultnl, 
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est  caoB^  par  la  vivacity  de  la  blanclieur  de  la  voie  lact^  qui  renfennel'efpiee 
noir  et  rentoore  de  tons  cot^s." — Lacaille,  in  the  Mem.  de  TAcad.  des  Sd> 
ences,  ann^  1765  (Paris,  1761),  p.  199. 

(^)  p.  257.— Bd.  i.  S.  159  and  415  (Anm.  87) ;  Eng.  ed.  p.  143  ud 
xxxviii.  Note  117. 

(«8)  p.  257.—"  When  we  see,"  says  Sir  John  Herschd,  *'  in  the  Coal  BMk 
(near  a  Crucis)  a  sharply-defined  oval  space  free  from  stars,  it  would  seem 
mnch  less  probable  that  a  conical  or  tubular  hollow  traverses  the  whole  of  t 
starry  stratom,  continuously  extended  from  the  eye  outwards,  than  tbil  t 
distant  mass  of  comparatively  moderate  thickness  should  be  simply  perfo* 
rated  from  side  to  side.  ..."  (Outlines,  §  792,  p.  532 ;  Lettre  de  Mr. 
Hooke  &  Mr.  Auzout»  in  the  Mem.  de  TAcademie,  1666-1699,  T.  viiL  Paitie 
2,  p.  30  and  73). 

(^)  p.  258.— Kosmos,  Bd.  i.  S.  161 ;  Eng.  ed.  p.  145; 


(^  p.  261. — Compare  what  was  said  in  an  earlier  volume,  where  dis- 
tances of  Uranus  were  employed  as  units  of  measure,  that  planet  bebg  the 
outermost  member  of  the  planetary  system  as  then  known  to  us  (Kosmos 
Bd.  i.  S.  116,  153,  and  415,  Anm.  76 ;  Eng.  ed.  p.  102,  103,  137,  138. 
and  Note  106).  Taking  the  distance  of  Neptune  from  the  Sun  at  3004 
distances  of  the  Earth  from  the  Sun,  the  distance  of  a  Centauri  from  the 
Sun  will  be  7523  distances  of  Neptune,  the  parallax  of  the  star  being  assumed 
to  be  0''.9128  (Kosmos,  Bd.  iii.  S.  274,  Eng.  ed.  p.  189)  ;  and  yet  the  dis- 
tance of  61  Oygni  is  almost  twice  and  a  half,  and  that  of  Sinus  (taking  its 
parallax  at  0'''230)  four  times  as  great  as  that  of  a  Ceiltauri.  A  "  distance 
of  Neptune"  is  about  621  Grerman,  (2484  English)  millions  of  geographical 
miles ;  and  the  distance  of  Uranus  from  the  Sun,  according  to  Hansen,  is 
396]^  (Eng.  1586)  millions  of  such  miles.  According  to  Galle,  the  distance 
of  Sinus,  taking  Henderson's  parallax,  is  896800  semi-diameters  of  the 
Earth's  orbit  « 18547000  (74188000  Eng.)  millions  of  geographical  mUes— 
a  distance  which  light  requires  14  years  to  traverse.  The  aphelion  of  the 
eomet  of  1680  is  44  distances  of  Uranus,  or  28  distances  of  Neptune,  from 
the  Sun.  According  to  the  above  assumptions,  the  solar  distance  of  the  star 
«  Centauri  is  almost  270  times  greater  than  this  cometary  aphelion,  which  is 
here  regarded  as  the  minimum  of  the  necessarily  very  uncertain  estimation  of 
the  radius  of  the  solar  domain  (Kosmos,  Bd.  iii.  S.  294,  Eng.  ed.  p.  204).  la 
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ia  clsBS  of  nnmericBl  data,  the  ttdvnntaec  gaiueii  bj  emplojiug  verj  gnut 
distances  in  space  bb  oar  units  of  measore  ia,  that  we  are.tbus  enabled  to 
eipres)  the  results  with  a  less  Enormans  sira;  of  figures. 

(*')  p.  263.— On  the  appearancB  aDil  disappeoranco  of  new  ttari,  «ee 
Kosmos,  Si.  iii.  S.  215-833  ;  Eng.  ol.  p.  132-153. 

(••i)  p.  267.-1  have  printed,  in  an  earlier  toliune  {Kosmos,  Bd.  ii.  S.  817 
«nd  «0,  Anm,  2a  ;  Eng.  ed.  p.  307  and  cvi.  Note  465),  Ihe  passage  in  the 
10th  chapter  of  the  first  book  "  de  Itevolul.,"  imitated  from  the  Somniuin 
Scipionis. 

(™)  p.  287.— Theonia  SmjniBji  Platonici  Liter  de  Aatronomia,  ed.  H. 
Martin,  1S49,  p.  182  and  208 :  rni  (WoX""  t^^io"  t^  "P'  Tit  iiKiar, 
aiafti  JtopBiai'  6>to  tou  irnn-ii,  S3«'  tjiifiiniaii' airrou  Kni  t^y  if'Vxi)''  dplanivTir 
Bi4  irnrii  (jtEiji  Toil  aiiincrasTfTafiivTii'  (£jr4  tuIi'  irtpdroif.  (This  new  edi- 
tion is  worthy  of  nolLce,  in  refareace  to  the  peripatetic  opinioDs  of  Adrastus, 
and  inauf  platonic  opinions  of  Dcrcyllides. 

(**)  p.  289.- HaoBcu,  in  Schumacher's  Jahrbuch  tur  1837,  S.  63-141. 
(*^)  p.  271. — "  D'aprea  I'etat  actuel  de  nos  connaissances  ailronomiqueg 
le  Solcil  ae  compose :  1°  d'na  globe  ccntrtil  ii  pen  pres  obscur ;  2°  d'one 
immense  couche  de  nuages  ({ni  e>t  euspeadue  h  une  cerlaine  distanoB  de  ee 
globa  ot  renveloppe  de  toutes  parts;  3°  d'une  phvlotphire i  en  d'autnw 
termes,  d'une  sphere  resplendisiaute  quienveloppe  la  courbc  nacgeuie,  comme 
celle-oi,  i  son  tour,  cnyeloppe  le  noyan  obacui.  L'ecljpse  totaledu  SJuillet 
1S42  nous  a  mis  9iir  la  trace  d'une  troisleme  envelappe,  aitn^e  an-deasus  de 
la  pholotphh-t,  et  rormee  de  niisgca  obsciirs  du  faiblement  lumineni. — Cc 
loat  Ibb  Hua^a  de  la  troisiiSme  enveloppe  solaire,  sitn^s  en  apparence  pendant 
I'Mipsa  lolalo,  sur  la  contour  de  i'astro  nu  nn  pen  en  dehors,  qui  out  donue 
ijen  it  era  siugulijre*  pro^minenees  rougeilrea  qui  en  1842  ont  si  viTemout 
excite  I'attention  du  monde  savant"  (Ango,  in  the  AnuuaJre  du  Bureau  dea 
tiongitudes  pour  I'an  1846,  p.  464  and  471).  Sir  Juhu  Herscbel,  in  his 
Outlinea  o!  Astronomy,  published  in  1849  (p.  234,  |  395),  also  atsumes- 
"above  the  Inniinons  surface  of  the  Sua,  and  the  region  in  which  the  sjwta 
reside,  Uie  eiiatence  of  a  gsMous  atmosphere  having  a  somewhat  impeifeet 
tmnsparency." 

(*")  p.  2?2. — It  is  proper  to  givo  first  iu  the  original  the  passages  which 
are  alluded  to  in  the  teit,  and  to  which  my  own  alleotiDn  was  called  by  an 
iustnictive  memoir  by  Dr.  Clcineus  ("  Giordauo  Bruno  nnd  Nicnlaus  von 
Cns-,"  1847.  S.  101).  The  Cardinal  Nicolaua  of  Cusa  (the  family  name 
It  Khrypfis — i.  e.  fcrevisae,  cran-fisb),  n  native  of  Cues,  on  the  Moselle, 
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says,  in  the  12th  chapter  of  the  second  book  of  a  treatise  which  enjoyed  graft 
celebrity  at  the  time,  "  de  docta  Ignorantia"  (Nicoiai  de  Cosa,  Open,  ei 
Basil.  1565,  p.  39)  :  "  neqne  color  nigredinis  est  argomentom  viUtatis  Tens ; 
nam  in  Sole,  si  qnis  esset,  non  appareret  ilia  claritas  quae  nobis :  eoxuidento 
enim  corpore  Solis,  tunc  habet  qoandam  quasi  terram  oentraliorem,  et  qnan- 
dam  lociditatem  quasi  ignilem  drcumferentialem,  et  in  medio  quasi  aqaeam 
nubem  et  serem  dariorem,  quern  admodum  terra  ista  sua  elements."    On  tlie 
margin  is  written  "  Paradoxa"  and  "  Hypni :"  the  latter  word  most,  there 
fore,  doubtless  signify  here  also  "  dreams*'  {iv^via) — some  hazardous  specB- 
ation.   Again,  in  a  figurative  comparison  occurring  in  a  long  writing-Exerd. 
tatioues  ex  Sermonibus  Cardinalis  (Opera,  p.  579) — I  find  "  Sicut  in  Sole 
considerari  potest  natura  corporalis,  et  ilia  de  se  non  est  magnse  Tirtntis" 
(notvrithstanding  mass-attraction  or  gravitation  I)  "  et  non  potest  virtutem 
suam  aliis  corporibus  communicare,  quia  non  est  radiosa.     Et  alia  naton 
lucida  illi  unita,  ita  quod  Sol  ex  unione  utriusque  uaturse  habet  virtutem,  qme 
sufficit  huic  sensibili  mundo,  ad  vitam  innovandam  in  vegetabilibus  et  ani- 
malibus,  in  eAmeutis  et  mineralibus,  per  suam  influentiam  radiosam.    Sic  de 
Christo,  qui  est  Sol  justitise  .  .  .  ."    Dr.  Clemens  thinks  that  all  this 
be  something  more  than  a  happy  ooBJectural  anticipation.     It  appears  to  him 
**  simply  impossible  that  in  the  parts  of  the  passage  quoted    {coruideraio 
corpore  Solis ;  in  Sole  considerari  potest  .  .  .  )  Cusa  could  have  appealed  to 
experience,  unless  there  had  been  some  tolerably  accurate  observation  of  the 
solar  spots,  both  of  their  darker  parts  and  of  the  penumbra."     He  conjec- 
tures "  that  the  philosophers  of  modem  science  had  been  anticipated  in  some 
of  the  results  obtained  by  them,  and  that  the  Cardinal's  views  may  have  been 
influenced  by  discoveries  which  are  generally,  but  erroneously,  supposed  to 
have  been  first  made  at  a  later  period."    It  is  certainly  not  only  possible, 
but  even  very  probable,  that  in  districts  where  the  sun  is  partially  veiled  for 
several  months — as  during  the  continuance  of  the  "  garua"  on  the  coast  of 
Peru — solar  spots  may  have  been  seen  even  by  uncivilised  men  with  the 
naked  eye ;  but  we  have  no  accounts  from  any  travellers  of  such  a  drcnm- 
stance  having  attracted  attention,  or  of  the  spots  of  the  sun  having  ever  been 
interwoven  in  the  mythology  of  worshippers  of  that  luminary.     The  mere, 
and  very  rare,  sight  with  the  naked  eye  of  a  solar  spot  on  the  sun's  disk, 
when  either  low  down  near  the  horizon,  or  covered  with  a  thin  veil  of  mist, 
and  appearing  white,  red,  or  perhaps  even  of  a  greenish  hue,  would,  I  think, 
never  have  led  even  men  exercised  in  intellectual  thought  to  coigecture  the 
esiatence  of  several  successive  coverings  enveloping  the  dark  body  of  the  son. 
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If  Csrdinsl  Cqba  bad  linonn  anjtiiiiip;  ubuut  solar  spoti,  be  nould  aurelj  not 
bare  foiled  la  mtroilace  tbo  "raacals  Solia"  in  goiue  of  llie  Dumeraus  com- 
pamona  Kbicb  ho  bo  macb  deligbted  ia  drnviicg  botwEcn  pbjaical  and  splri- 
Ciml  ttioga.  Let  us  oul;  reiuember  the  VEbemeot  debutes  eicited  in  the 
begiuaiag  of  the  17th  oeatarj,  immediately  af^Gr  Ibe  invention  of  the  telescope, 
by  the  diacoverics  ot  FabrieiuB  and  of  Galileo.  I  haTC  recalled  in  an  earlier 
volume  (Koamos,  Bd.  ii.  8.  503,  Aum.  33  ;  Eng.  ed.  p.  cii.  NoU  ITS)  the 
obKurely  eiprcaeed  aatronDmicBl  rcprGBenlatians  of  Ibe  Cardinal,  who  died  in 
1464,  nine  ye&ta,  therefore,  bcfDrc  the  birth  of  Copcrnico).  The  remarkable 
passage,  "jam  nobis  m&nifeatum  eat  Terram  in  veritate  movcri,"  is  ia  lib.  ii. 
cap.  13,  de  ducts  Ignorautia.  Aceordiag  to  Cuea,  all  tbinga  are  in  move- 
ment  in  every  part  of  ceieatial  apace ;  we  find  no  star  which  does  not  describe 
a  circle.  "  Terra  non  poteat  esse  Sxa,  aed  movetur  utaliiestellie."  lie  does 
uot.  however,  anppose  the  Earth  to  revolce  round  the  Sun,  hut  the  Earth  and 
Sun  to  revolve  "round  the  eser-cbanging  polea  ot  the  Universe."  Cuaa, 
therefore,  was  not  a  Coperiiicau,  u  ia  ahomi  by  Ihia  fragment,  written  by 
him  with  his  own  hand  in  1444,  and  discovered  by  Dr.  Clemena  ju  the  hos- 
pital at  Cues. 

{«)  p.  2?a.— Koamoa,  Bd.  ii.  8.  S60-362  and  BU-BIB,  Anm,  49-53 ; 
Eng.  ed.  p.  319-321  mi  civi.-civii.  Notes  489-493. 

{"^  p.  212. — "  Borlosia  Sidem,  id  est  planetEe  qui  Sella  luinina  circnm- 
Tolitant  molu  proprio  et  regukri,  false  hactenua  ab  hclioscopis  Macalic  Solia 
nuncupati,  ei  noTis  observationibua  Joannis  Tardo,  1620. — Jutlriaca  Sidera 
heliocyclicH  astronomicie  hypolheaibus  illigata  opera  Caroli  Malajiertii  fietga: 
Monteous  e  Socictate  Jcsu,  1G33."  The  laat-mentioned  memoir  has  at  least 
the  merit  of  fkroiablng  observations  of  a  BCrics  of  solar  apota  between  IBIS 
and  1690.  Tbc^e  are,  however,  theaameyuus  as  those  for  whicb  Scheiner  pnb- 
liehed  hia  own  observations  at  Rome  in  his"  Rosa  Uraina."  The  Canon  Tarde 
bdieved  in  the  transit  of  small  plaaets,  because  be  deemed  it  impoaaible  to 
(scribe  anch  imperf eel ious  to  the  "eye  of  the  World" — I'mil  du  Mnnde  oe 
peut  avoir  des  nphthalmiea  t"  It  is  indeed  aurprisingthat,  twenty  years  after 
Tarde'a  account  of  his  Borbonia  Sidera,  Gascoigne,  to  whom  the  art  of  obaer- 
ration  is  ao  mach  indebted  (Koamos,  Bd.  iii.  S.  70 ;  Eng.  ed.  p.  B9),  aliould 
Btill  have  attributed  the  solur  spots  to  the  conjunction  of  numerons  planetary, 
almost  transparent,  boiliea  revolving  round  the  sun  in  great  proiimity  to  it. 
He  supposed  aoveral  of  these,  superposed  upon  each  other,  to  be  the  cause  of 
the  dart  shaded  places.  (Phil  Trans.,  Vol.  iivii.  1710-1713,  p.  832-290, 
letter  from  Williaiu  Crabtrie,  Aagust  1840.) 
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(^  p.  272. — Arago  "  sur  les  moyens  d'observer  lea  taches  solaira,"  in 
the  Annoaire  for  1842,  p.  476-479.  (Delambre,  Hist,  de  rAstronomie  da 
Moyen  Age,  p.  394,  as  well  as  Hist,  de  TAstr.  modeme,  T.  i.  p.  681.) 

(*^)  p.  273. — M^moires  poor  servir  a  THistoire  das  Sciences,  par  Mr.  k 
Comte  de  Cassini,  1810,  p.  242 ;  Delambre,  Hist,  de  TAstr.  mod.  T.  il  p. 
694.  Althoagh  Cassini,  as  early  as  1671,  and  La  Hire  in  1700,  dedaredthr 
body  of  the  Son  to  be  dark,  yet  estimable  elementary  works  on  astronom) 
still  continae  to  ascribe  the  first  idea  of  this  hypothesis  to  the  meritorioD 
astronomer  Lalande.  Lalande  himself,  in  the  edition  of  his  Astronomy  pok 
lished  in  1792,  T.  iii.  §  3240,  as  well  as  in  the  first  edition  of  1764,  T.  i 
§  2515,  merely  remams  true  to  La  Hire's  earlier  expressed  opinion— ?ii 
"  que  les  taches  sont  les  eminences  de  la  masse  soHde  et  opaque  da  SdeQ 
recouverte  commandment  (en  entier)  par  le  flaide  igne."  Between  176{ 
and  1774,  Alexander  Wilson  formed  the  first  just  view  of  a  funnd-shapeo 
opening  in  the  photosphere. 

(^^)  p.  273. — ^Alexander  Wilson,  Observations  on  the  Solar  Spots,  in  the  Ph3 
Trans.  Vol.  Ixi?.  1774,  Part  1,  p.  6-13,  Tab.  i.— "  I  found  that  the  umbra, 
which  before  was  equally  broad  all  round  the  nucleus,  appeared  much  con- 
tracted on  thai  part  which  lay  towards  the  centre  of  the  dishy  whilst  the 
other  parts  of  it  remained  nearly  of  the  former  dimensions.  I  perceived  that 
the  shady  zone  or  umbra  which  surrounded  the  nucleus  might  be  nothing 
else  but  the  shelving  sides  of  the  luminous  matter  of  the  sun."  Compare, 
also,  Arago,  in  the  Annuaire  for  1842,  p.  506. 

(^^-^  p.  274. — Bode,  in  the  Beschaftigungen  der  Berlinischen  Gesellschaft 
Naturforscheuder  Freunde,  Bd.  ii.  1776,  S.  237-241  and  249. 

(*73)  p.  277. — William  Herschel,  in  the  Philosophical  Transactions  of  the 
Royal  Society  for  1801,  Part  2.  p.  310-316. 

(*^^)  p.  278. — An  official  notice  of  a  high  price  of  com  occurring  in  con- 
nection vrith  obscuration  of  the  sun  fur  several  months,  is  referred  to  in  the 
historic  fragments  of  the  elder  Cato.  "  Luminis  caligo"  and  "  defectns  Solis' 
are  expressions  which,  when  employed  by  Roman  writers,  do  not  by  any 
means  signify  on  all  occasions  an  eclipse  of  the  sun ;  they  have,  for  instance, 
no  such  meaning  in  the  accounts  of  the  long-continued  dimness  of  the  snn 
which  is  said  to  have  followed  the  death  of  Csesar.  Thus  we  find  in  Aulas 
Gellius,  in  Noct.  Att.  ii.  28 — "  Verba  Catonis  in  originum  quarto  hcec  sunt : 
non  libet  scribere,  quod  in  tabula  apud  Poutificem  maximum  est,  quotiens 
anona  cara,  quotiens  lunee  an  solis  lumini  caligo,  ant  quid  obstiterit." 
0  P>     278. — Gautier,  Recherches  relatives  \,  Tinfluence  quele  nombre  des 
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tadiGs  Eolnircs  eicrce  sur  tes  timii^ratuiei  lerrMtns,  in  Ihe  Bibliatbeijiia 
Coivereelle  de  GeoiTe,  Noov.  Se'rie.  T.  li.  1841,  p.  327-33B. 

(W)p.  278.— Arago,  in  the  AnnHaira  pour  18*8.  p.  £71-438. 

(«?)  p.  378.— The  siune,  p.  440-447. 

(""J  p.  370. — This  ia  the  whitish  stiaing  K|ipearanDe  which  n»B  sIbo  Been  in 
thesolu'eclipH:  of  the  15th  dI  Mbj^,  1836,  nndof  whicli  even  theu  tht  gmit 
Kiinigijbcrg  utrouomer  said  very  corrccllj,  that  "  when  llie  moon's  disk 
Mmplctelj  rovercd  the  sun  there  still  remained  visible  a  luminoaa  ring  of  the 
soUr  Btmosphire"  (Bessel,  in  Schuin.  Aatr.  Nuchr.  No.  320). 

(*")  p.  £79. — "  Si  nous  einmiiiions  de  plua  pr6a  I'eiplicalion  d'aprea  kquelle 
lea  protubfrsncea  rougdllree  suaient  aasiinileeB  k  des  nosges  (de  Is  troiej^mc 
BDTeloppe),  niiug  nc  tronverions  aoenn  prineipe  de  physique  qui  noui  empi. 
cULt  d'ldmcttre  que  des  msuu  niiageuies  de  25  h  800DO  lieues  de  long 
fluttent  iaos  I'stmoaphere  du  Solcil ;  que  Cea  mBaEes.  comme  certaiDs  nuages 
de  ratinos{ihire  terrestre,  out  des  euntoura  arrEtea,  qD'elles  affceUnt,  ^b  ct  1^ 
dea  forines  trrs  toDnnenteca,  meme  des  formeii  en  anrploiob  -,  quo  la  lumiiire 
Kolaiie  (li  photosphere)  lea  colDrc  en  range. — Si  cetle  iroisil^roe  enveloppo 
diate,  elle  dauuera  peut-Gtra  Is  clef  de  quelqnea  nnea  dea  grandea  et  deplo- 
rablea  Ruomalies  que  Ton  remarqae  daus  le  eonn  des  aaisoDB"  (^I'aga,  ia  the 
ADnuaiie  fur  1840,  p.  460  and  407). 

("^  p.  £80. — "  Tout  ce  qui  alTaihlira  eeubiblemeat  rintensitf  &lBirante  de 
Ib  portion  de  Fatmoapb^  tcrreatre  qui  parait  entonrer  et  toucliei  le  coutoar 
circdaife  dn  Solal,  pourra  eoutribuer  k  reudre  lea  proemineuces  rDugetltrea 
vieiblci,  D  est  done  pennis  d'eiperer  qu'ua  astroDomc  eierc£.  ^labli  au 
aommet  d'une  trei  halite  montagne,  pourrsit  y  observer  regulicrciueat  lea 
nuaget  dt  la  Iraitihne  eavchjijii  lolairt,  sitnes  en  apjjarenee  sue  Ir  contour 
de  I'aetro  sii  n»  feu  en  dehort  1  determiner  ce  qu'ila  out  de  permaaeut  et  de 
lariable,  noter  lea  periodce  de  diiparitioD  ct  de  rcapparition  .  ■  .  ."  (Aiago, 
Annnaire  for  1B46.  p.  471). 

{™)  ]i.  982. — Although  it  ia  imdeDiBhly  poaaiblelliBt  particular  individoala 
among  the  Greeka  and  Bomana  may  bavo  seen  large  sular  spota  nith  the 
naked  eye,  yet  it  appears  certaiu  that  aucL  isolated  observatioua,  supposing 
tbem  to  bare  taken  pkce,  never  led  Greek  or  Roman  writera  to  allade 
to  tbose  phenomena  in  any  nork  nbich  bm  come  dona  lu  ua.  Ilie  passage! 
in  Theophrast.  dp  Signia,  iv.  1,  p.  737, — Arotua  Diosem,  v.  90-92, — and  Pro- 
cluB,  Paraphr.  ii.  14.  in  which  Ibe  younger  Ideler  (Meteorol.  Veteran!,  p.  201, 
and  Commentary  on  Arislot.  Meteor.  T,  i.  p.  374)  thiuka  he  perceives  a  men- 
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tion  of  solar  tpots — ^merely  say  ibat  the  son's  disk,  which  indieaies 
weather,  shows  no  diTersity  of  surface,  nothing  that  marks  it  (jiifii  n 
(nifia  ^poi),  but  rather  perfect  nniformity.  The  aii/xa,  or  chequered  smlKe, 
is,  moreover,  expressly  attributed  to  light  doud,  belonging  to  the  yapoon 
of  our  atmosphere  (the  Scholiast  to  Aratns  says,  the  "thickness  of  the 
air") :  hence  it  is  always  the  morning  or  the  evening  sun  which  is  referred 
to,  and  which,  quite  independently  of  true  solar  spots,  may  certainly  senre 
as  diaphoHOwieteri,  and  are  still  regarded,  both  by  sailors  and  agricoltiuruts, 
according  to  an  opinion  by  no  means  worthy  of  being  despised,  as  afibrd- 
ing  useful  indications  of  approaching  changes  of  weather.  The  sun's  disk, 
when  near  or  on  the  horizon,  is  seen  through  the  lowest  atmospheric 
strata.  Of  the  large  solar  spots  which  were  seen  by  the  naked  eye  in  the 
years  807  and  840,  and  erroneously  supposed  to  be  transits  of  Mercnry  and 
Venus,  the  first  was  recorded  in  the  great  historic  collection  of  Justus 
Reubems,  Yeteres  Scriptores  (1726),  in  the  part  entitled  Annales  Regnm 
Francorum  Pipini  Karoli  Magni  et  Ludovici  a  quodam  ejus  setatis  Astronomo, 
Ludovid  regis  domestioo,  conscripti,  p.  58.  The  authorship  of  these  Annals 
was  first  attributed  to  a  Benedictine  monk  (p.  28),  and  afterwards,  and  more 
correctly,  to  the  celebrated  Eginhard  (Einhard,  Charlemagne's  private  secre- 
tary) :  see  Annales  Einhardi,  in  Pertz's  Monumenta  Germanise  histories, 
Script.  T.  i.  p.  194.  The  passage  referred  to  is  the  following  :—"  DCCCVII. 
Stella  Mercurii  xvi.  Kal.  April,  visa  est  in  Sole  qualis  parva  macula  nigra, 
paululnm  superius  medio  centro  cgnsdem  sideris,  qua  a  nobis  octo  dies  con- 
spicata  est ;  sed  quando  primum  intravit  vel  ezivit,  nnbibus  impedientibos, 
minime  notare  potuimus."  The  passage  respecting  the  supposed  transit  of 
Venus  mentioned  by  Arabian  astronomers,  is  given  by  Simon  Assemannus  in 
the  Introduction  to  the  "  Globus  coelestis  Cufico-Arabicus  Velii^rni  Musei 
Borgiani,"  1790,  p.  zxxviii.,  and  is  as  follows : — "  Anno  Hegyrse  225, 
regnante  Almootasemo  Chalifa,  visa  est  in  Sole  prope  medium  nigra  qusedam 
macula,  idque  feria  tertia  die  decima  nona  Mensis  Regebi  .  .  .  ."  It  was 
believed  to  be  the  planet,  and  that  the  same  macula  nigra  (therefore  with 
interruptions  of  12  or  13  days)  was  seen  for  91  days.  Soon  afterwards 
Motassem  died. — I  subjoin  17  instances,  taken  from  a  larger  number  col* 
lected  by  me,  of  historical  or  traditional  accounts  of  suddenly-occurring 
diminutions  or  obscurations  of  the  light  of  day : — 

Anno  45  B.C.,  at  the  time  of  the  death  of  Julius  Csesar,  after  which 
the  sun  was  for  a  whole  year  paler,  and  gave  less  heat  than  usual  so 


that  the  sir  xias  thick;  coli),  and  mLiil.;,  aad  the  fruits  of  the  earth 
failed  (Plutarch,  in  Jul,  Cffia,  cap.  87,  Dio  Caaa.  iliv.  Virg,  Georg. 
i.  13S). 
A.D.  33,  at  the  time  of  our  Saviour's  crucifliion.  "  From  the  sixth  hom 
there  waa  darkncaa  over  all  the  land  unto  the  ninth  hour"  CUatth. 
uvii.  4B)  ;  snd  in  Ihn  parallel  passage  in  St.  Lnke,  "the  sun  was  dark- 
ened" (Lnie,  iiiii,  45).  Eusehioa  oddncea,  in  esplanation  and  con- 
firmotion,  ta  eclipac  of  Lhe  Sun  in  the  202d  Otfmpiad,  mentioned  bj 
Phlegon,  of  Trallea,  a  writer  of  cLronicles  (Ideler,  Handbuch  dec 
mikthem.  der  Chi'onologie,  Bd.  ii.  S.  147).  But  Wucm  hm  shonn 
that  ths  eclipse  belonging  to  this  Olympiad,  and  which  was  vialble 
over  all  Asia  Minor,  took  place  on  Lhe  21th  of  Naiemher,  S9  jears 
after  the  birth  of  Christ,  or  between  three  or  tour  jeara  earlier.  The 
CraciGiion  via  at  the  time  of  the  Passover,  14  Nisau  (Idelcr,  Bd. 
i.  S.  515-520),  which  naa  alnaya  celebrsted  at  the  time  of  the  full 
moon.  The  aun  eannot,  thercrorc,  have  been  ecliped  b;  the  moon. 
for  three  hours.  The  Jeanit  Schemer  was  tnelincd  to  altiibuto  the 
diniiantion  of  light  to  a  gronp  of  large  solar  apota. 
.  85B.— On  the  SSd  of  Aagnst,  an  ohsearalion  of  two  hours  in  length, 
precioia  to  the  terrible  earthquake  uf  Nicomedia,  which  also  destroyed 
many  other  towns  in  Maeedunia  and  Pontns.  The  darkness  lasted 
between  two  and  three  honrB :  "  nee  contigua  vel  adposita  ecrnebant  ut." 
Ammian.  MarceU.  irii.  7. 
860. — In  all  the  Eastern  provinces  of  the  Roman  Empire  (per  Eoostnic- 
tus)  there  was  "caligo  a  primo  aurora:  eiorta  ad  usque  meridiem" 
(Arainian.  Marcell.  ji.  3),  but  stars  were  seen;  therefore  it  could 
not  have  been  caused  bj  ahoners  of  ashea ;  nor,  from  the  long  <lura- 
tioa  of  the  phenomeuou,  conld  it  have  been  the  effect  of  a  tolal  aolac 
Bclipso.  to  which  the  historian  altribntes  it :  "  Cnm  lui  efelestia 
operiietar,  e  mundi  conspectv  penitus  luce  abrepto,  dcfeeisae  dintius 
BOlem  pavida^  meutes  homlnDm  Eestimabant :  primo  atteuuatum  in 
rnicalimtis  efiigiem,  deinde  iu  specism  anelum  Bemenstram, 
n  integmni  restitnlum.  Quod  alias  non  evenit  ita  par- 
som  post  tntequales  cursus  Intcrmeuatmum  lna.e  ad  idem 
The  description  is  quite  that  of  a  tme  solur  eclipsej 
bnt  nhat  ia  to  be  done  with  the  length  of  time  and  "  caligo"  in  all 
the  Eastern  provinces  F 
—When  Alaric  appeared  before  Borne :  the  daikaeas  snch  that 


NOTES. 

stare  were  seen  in  the  day-time.     Schnnrrert  Ohronik  der  SeoeheD, 
Th.  i.  S.  113. 

536. — "  Jostinianus  T.  Csesar  imperavit  aonos  triginta  octo  (527  to 
565).  Anno  imperii  nouo  deliquium  Incis  passns  est  Sol,  quod  annam 
integrum  et  duos  amplius  menses  dnravit,  adeo  at  parum  admodom 
de  luce  ipsius  appareret ;  dixeruntque  lioiiiines  Soli  aliquid  acddiase, 
quod  nunquam  ab  eo  recederet."  Gregorius  Abu'l-Faragius,  Supple 
mentnm  Historiee  Dynastiarum,  ed.  Edw.  Pocock,  1663,  p.  94.  This 
seems  to  have  been  a  phenomenon  very  similar  to  that  of  1783,  to 
which  the  name  of  "Hohenrauch"  has  been  given,  but  for  soch 
phsenomena  no  general  satisfactory  explanation  has  been  assigned. 

567. — Justinus  II.  aunos  13  imperavit  (565-578).  Anno  imperii 
ipsius  secundo  apparult  in  coelo  ignis  flammans  joxta  polum  arctinim 
qui  annum  integrum  permansit ;  obtexemntque  tenebrte  mundum  ab 
hora  diei  nona  noctem  usque,  adeo  at  nemo  quicquam  videret; 
deciditque  ex  sere  quoddam  pulveri  minuto  et  cineri  simile.  Abal* 
Fang.  1.  c.  p.  95.  For  a  year  continual  Aurora,  afterwards  darimeai, 
and  showers  of  what  we  call  "  trade-wind  dust"  (?). 

626.— According  to  Abn'l-Farag.  (Hist.  JDynast.  p.  94  and  99),  half 
the  sun's  disk  continued  obscured  for  eight  months. 

738. — A  year  after  the  Arabs  had  been  driven  back  beyond  the  Pyre- 
nees, as  the  result  of  the  battle  of  Tours,  the  sun  was  darkened  on 
the  19th  of  August  in  a  terrifying  manner.  Schuarrer,  Chron.  Th.  i. 
S.  164. 

807. — A  spot  on  the  sun  which  was  taken  for  Mercury.  Renber,  Vet 
Script,  p.  58  (see  above,  p.  xcviii.) 

840. — From  the  28th  of  May  to  the  26th  of  August  (Assyemani  reckons 
May  839),  the  so-called  transit  of  Venus  over  the  sun's  disk.  See 
above,  p.  xcviii.  (The  Caliph  Al-Motassem  reigned  from  8S4 
to  841,  when  he  was  succeeded  by  Haroun-el-yatek,  the  ninth 
Caliph.) 

934. — In  the  valuable  Hi8toi7  of  Portugal  by  Faria  y  Sousa,  1730,  p. 
147, 1  find — "  En  Portugal  se  vid  sin  luz  la  tierra  por  dos  meaes. 
Avia  el  Sol  perdido  sn  splendor."  An  opening  in  the  sky  then 
seemed  to  take  place  "por  fractura,"  with  many  flashes  of  lightning, 
and  the  full  blaze  of  sunshine  was  then  suddenly  restored. 

1091. — ^On  the  2l8t  of  September  a  darkening  of  the  sun  took  plaoe 


nhich  lasted  Ibfee  huors,  and  after  the  obBCuration  had  j}a3Bed  awny  tIjD 
aolar  disi  remained  of  a  potiiliar  colour.  "  Fuit  eclipsiB  Solia  II 
Kal.  Octoii,  fere  tres  horas:  Sol  circa  meriiiiera  diro  nigresccbat." 
Martin  Cniaiua,  Anoidca  Svevici,  Fmneof.  1695,  T.  i.  p.  £79  ; 
Schaurrer.  Th.  i.  S.  319. 

10B6.— On  the  3ii  of  Maj  aohr  spota  were  seen  with  the  naked  eye  ; 
Siguum  in  Sate  apparuit  V.  Nod  Marcii  feria  aecunda  iocipieatis 
quadrageaimiE.  Job.  Staiailelii,  preahyteri  Patavieusis,  Chronicon 
genemlo,  in  (Efcbi  Rernm  Boicarum  Scriploris,  T.  i.  1763,  p.  485. 
i06. — Da  the  last  day  of  February,  accordiiig  to  Joaquin  de  Villabs 
(Epidemiotogia  Espanola  Madr.  1803,  T.  i.  p.  30),  tbcie  was  com- 
plete dsrtinEsa  for  6  hours  :  "  el  dia  ultituo  del  mes  de  Febrero  huho 
un  eclipse  de  sol  que  duru  leis  boras  con  tanta  obscuridad  coma  si 
foera  media  Docbe.  Slgu^ron  ii  este  fenomeno  abuDdantes  y  conli- 
nuaa  llniias."  Schnorrcr,  Tb.  i.  S.  258  and  265,  speaks  of  an  almost 
similar  phenomenon  in  June  1191. 

1241, — Five  monthi  after  the  Mongol  battle  of  Leignitz  :  "obscnratui 
eat  Sol  (in  qnibusdam  locia  ?).  ct  faetic  aunt  tencbrs,  itaut  sldls  vide- 
rentur  in  ctelo,  circa  festum  S.  Micboelis  bora  nana."  Cbcooican 
Clanstro-Neoburgense  (of  the  Neuburg  Conient  neap  Tieana,  con- 
taining the  years  218  to  1348  A.D.),  in  Fez,  Scriptorea  rormnAua- 
trincarnm,"  Lips.  1721,  T.  i.  p.  458. 

1617.— ThE  aSd,  a4tb,  and  25th  of  April.— therefore  a  daj  before  and 
aday  after,  as  well  as  the  actoal  day,  of  the  battle  of  Miihlbacb,  in 
which  tba  Prince  Elector  John  Frederic  was  taken.  K.epler  aaya, 
(in  Paralipom.  ad  Viteilimn,  quibus  Astronomis  pars  optica  Iraditur, 
lfl04,  p.  aSB)— "  Tcfert  Gemma,  palar  et  Elida,  anno  154T  ante  con- 
flictum  Caroii  V.  cum  Saionicc  Duce  Solem  per  tres  dies  ceu  saogniae 
perfnaiim  comparnisse,  ut  etiim  aleUic  plereeqiie  in  mcridie  coiupiee- 
rentur."  (So,  also,  Kepler,  de  Stella  nova  in  Serpentario,  p.  13). 
Great  doubt  exists  as  to  the  cause  :  "  Solis  lumen  ob  cauaaa  quaadam 

aablimes  hebetari "  [perhaps  there  may  have  been  materia  cometlca 

latins  aperaa.  The  cause  cannot  have  bceu  in  our  atmosphere,  be- 
cause stars  were  seen  at  noon."  Scbnurrer  (Chronik  der  Seochen, 
Th.  ii.  S.  B3)  is  inclined  to  believe,  notwithstanding  the  riaibility  of 
ttara,  that  It  wai  an  "  Huhenrauch,"  or  a  foreign  admiitm'e  in  the  at- 
mosphere, because  the  Emperor  CliarlesT.  Complained  before  the  buttle 


flii  Nonss. 

*iuEE  **  aemncr  te  vAxbt  densHate  infestari,  qnoties  sibi  com  hoste 
rpwfiiMiiriiiw  st''  (iMBbert,  Hortens.  de  bdlo  german.  lib.  vi.  p.  182). 

^  ^  JSa. — aoRdbav  (Bus  Astronomise,  1735,  $  226)  already  uses  the 
amnm  laumMun*-  IIk  aofar  Kg^  i^  aeearding  to  him,  "  An  Aurora  borealit, 
pm^DEBt  35  Kom  jwaymkrtitf  firen  comtimmaOy  in  operation  in  the  SuiCi 
jjBwySiB'g.'^  ;Sis  HBB«r,B  Jok.  Dan.  Titiiis,  gemeinniitzige  Abhandlangen 
3&K  aoEBEiknt  iT&wB^  irSS»  Sl  102.) 

k'^''^  ^  £slL — :la$B».  m  Ae  MeBoires  des  Sciences  math^m.  et  phys.  d 
T'Cnc^ic  is  l^Bn;  Ikaatt  ISll,  ftitie  i.  p.  118 ;  Mathien,  ia  Delambre 
Eac  iff  iTAjBr.  m  I:3«0K  Sede;  Pl  SSI  and  652 ;  Fourier,  ElogedeWiHiain 
SsacadLaidisllBB.dBriHliMi,T.  Ti.Ann^l823  (Par.  1827),  p.  IxiiL 
V^  scnik  «f  ax  ni^aiasB  csperanent  of  Forbes  daring  a  solar  eclipse  in 
IStf  s  aiaa  miiBliyr  aid  cfifctta  great  homogendtjr  in  the  nature 
«f  t^  uijcsfi  ^v&kk  CBBHici  finaa  Ae  centre  and  firom  the  margin  of  the 
Sim.*»  tooe  r  a  j^iBLtmaa  fonnd  eidmitdy  bf  rsjs  either  firom  the  margin  or 
lon^b  w  inmii  periRth-  liiatifri,  in  reject  to  the  nnmber  and  position  of 
thi  «ftKk  Hoes  tLJitniai^  tt»  with  tte  speitiiim  whidi  is  formed  by  the  whok 
«f  the  n^v  If  rays  cf  a  certsn  refirangibiHty-  are  wanting  in  the  solar 
l^h£»  ifi  s  ool,  m  ^r  Ikvii  ftewrta  coi^ectores,  becanse  they  are  lost  in  the 
Soa's  x::sBat^^&ae :  ^ce  t&e  marsimi  rays  whidi  traverse  a  much  thicker 
stnr;i2  prodwe  t^  saatc  dark  Eccsw  (Forbes,  in  the  Comptes  rendas,  T.  ii. 
1S^6,  p>  57^-)  I  coacioiie  this  note  bysabjoining  all  that  I  collected  on  this 
scbjwt,  ia  1S47,  fe?Bt  Aiaso**  aiannscripts : — 

'*  I>»  phetKKBeKs  tie  h  polarisation  eoloree  donnent  la  certitude  qne  le 
bord  dn  Solcil  a  h  ineioe  iatCBsite  de  lumiere  qae  le  centre ;  car  en  pla^aot 
dans  b  pobriscop*  na  snnBciit  da  boid  sor  un  segment  da  centre,  j'obtiens 
(comme  efiet  compl«m«itarre  da  rooge  et  da  blca)  un  blanc  par.  Dans  un 
corps  solide  (dans  aoe  book  de  fer  chau£^  ao  roage)  le  meme  angle  de  vision 
embrasse  one  plus  grande  etendoe  an  bord  qn'aa  centre,  selon  la  proportion 
da  Cosinos  de  Tangle ;  mais  dans  la  meme  proportion  aussi  le  plos  grand 
nombre  de  points  roateriels  emettent  one  lamiere  pins  faible  en  reason  de 
leur  obHquiU.  Le  rapport  de  Tangle  est  natoreUement  le  mSme  pour  une 
sphere  gazeose ;  mais  Tobliqaite  ne  prodaisant  pas  dans  les  gaz  le  meme  effet 
de  dimination  qae  dans  les  corps  solides,  le  bord  de  la  sphere  gazense  serait 
plus  lumineax  que  le  centre.  Ce  qae  nous  appellons  le  disqae  lomineux  dn 
Soleil,  est  la  photosphere  gazense,  comme  je  Tai  prouv^  par  le  manque  absolu 
de  traces  de  polarisation  snr  le  bord  du  disqne.  Pour  expliquer  done  Vegaliie 
d* intensity  diM  bord  et  da  centre  indiqii^e  par  le  polariscope,  il  faut  admetut 
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une  enreloppe  exMrieare  qui  diminae  (eteint)  moins  la  limi^re  qui  vient 
da  centre  qae  les  rayons  qui  viennent  sar  le  long  tnget  da  bord  iL  VaaW, 
Cette  enveloppe  ext^rienre  forme  la  coaronne  blancMtre  dans  les  ^ipses 
totales  du  Soleil.  —  La  lamiere  qoi  ^mane  des  corps  solides  et  liqoides 
incandescens,  est  i>artiellement  polaris^e  quand  les  rayons  observ^  forment 
avec  la  snrface  de  sortie,  un  angle  d'on  petit  nombre  de  degres ;  mais  il 
n'y  a  ancune  trace  sensible  de  polarisation  lorsqa'on  regarde  de  la  memo 
maniere  dans  le  polariscope  des  gaz  enflammes.  Cette  experience  demontre 
qne  la  lamiere  solaire  ne  sort  pas  d'ane  masse  solide  on  liqnide  incandescente. 
La  lamiere  ne  s'engendre  pas  nniquement  a  la  snrface  des  corps ;  nne  portion 
nait  dans  lenr  snbstance  mSme,  cette  substance  fiit-elle  da  platine.  Ce  n'est 
done  pas  la  decomposition  de  Toxygene  ambiant  qni  donne  la  lumi^re.  L'^mis- 
aion  de  lamiere  polarisee  par  le  fer  liqnide  est  nn  effct  de  refraction  an  passage 
vers  nn  moyen  d'ane  moindre  densite.  Partont  od  il  y  a  refraction,  il  y  a 
production  d'nn  pen  de  lamiere  polarisee.  Les  gaz  n'en  donnent  pas, 
parceqne  lenr  couches  n'ont  pas  assez  de  densite.  La  lune  suivie  pendant  le 
cours  d'une  Innaison  entiere  offre  des  effets  de  polarisation,  excepte  a  I'epoqne 
de  la  pleine  lune  et  des  jours  qui  en  approchent  beaucoup.  La  lumicre  solaire 
trouve,  surtout  dans  les  premiers  et  derniers  quartiers,  h  la  surface  in^gale 
(montagnense)  de  notre  satellite,  des  inclinaisons  de  plans  convenables  pour 
prodaire  la  polarisation  par  reflexion." 

(^  p.  286. — Sir  John  Herschel,  Astron.  Observ.  made  at  the  Cape  of 
Good  Hope,  §  425,  p.  434 ;  Outlines  of  Astr.  §  395,  p.  234.  Compare 
Fizean  and  Foucault,  in  the  Comptes  rendus  de  I'Acad.  des  Sciences,  T.  xviii. 
1844,  p.  8G0.  It  is  sufficiently  remarkable  that  Giordano  Bruno,  who 
ascended  the  scaffold  eight  years  before  the  invention  of  the  telescope,  and  eleven 
years  before  the  discovery  of  the  solar  spots,  believed  already  in  the  rotation 
of  the  Sun  around  its  axis.  On  the  other  hand,  he  considered  the  light  of  tho 
centre  of  the  Sun*s  disk  to  be  inferior  in  intensity  to  that  of  the  margin.  Ho 
imagined,  by  some  effect  of  optical  illusion,  that  he  saw  the  Sun's  disk  turn, 
and  its  whirling  edges  expand  and  contract.  (Jordano  Bruno,  par  Christian . 
Bartholm^ss,  T.  ii.  1847,  p.  367.) 

(^  p.  287. — Fizeau  and  Foncanlt,  Recherches  snr  Tintensite  de  la  la- 
miere emise  par  le  charbon  dans  rexperience  de  Davy,  in  the  Comptes  rendus, 
T.  xviii.  1844,  p.  753. — "The  most  intensely  ignited  solids  (ignited  quick- 
lime in  Drnmmond's  oxy-hydrogen  lamp)  appear  only  as  6/ack  spots  on 
the  disk  of  the  Sun  when  held  between  it  and  the  eye."  (Outlines,  p.  326 : 
Kosmos,  Bd.  ii.  S.  361 ;  English  Ed.  p.  321.) 
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(^  p.  287. — Compaie  Arago's  comments  on  Galileo's  letters  to  Marcai 
Wdser,  and  his  optical  explanations  and  remarks  on  the  inflaenee  of  the 
difliised  solar  light  reflected  from  the  strata  of  the  atmosphere,  which  oo?ers  as 
it  were  with  a  veil  of  light  objects  seen  on  the  face  of  the  heavens  in  the  field 
of  a  tdescope.   (Annnaire  dn  Borean  des  Longitndes  for  1842,  p.  482—487.) 

(^)  p.  2S8.— Madler,  Astr.  S.  81. 

(**)  p.  288.— Philos.  [Magazine,  Ser.  iii.  Vol.  28,  p.  230 ;  and  Poggend. 
Annalen,  Bd.  IxTiii.  S.  101. 

(^  p.  290. — Faraday  on  Atmospheric  Magnetism,  in  "  Ezper.  Researches 
on  Electricit}',**25th  and  26th  Series  (Phil.  Trans,  for  1851,  Part  1),  §  2774, 
2780,  2881,  2892—2968 ;  and  for  the  historical  part  of  the  research.  §  2847. 

(**•)  p.  291. — Compare  Nervander,  of  Hdsingfors,  in  the  Bulletin  dek 
Classe  physico-mathem.  de  FAcad.  de  St.-P^tersboarg,T.  iii.  1845,  p.  30 — 32 ; 
and  Bujs-Ballot,  of  Utrecht,  in  Poggend.  Annalen  der  Physik,  Bd.  Ixviii. 
1846,  S.  205—218. 

(**)  p.  291. — I  have  distinguished  by  marks  of  quotation  what  1  have 
taken  in  p.  291  to  p.  294  from  Schwabe's  manuscript  communications. 
The  observations  of  ^  the  years  1826  to  1843  were  previously  published  in 
Schumacher's  Astron.  Nachr.  No.  495,  Bd.  xxi.  1844,  S.  235. 

(«0  p.  295.— Sir  John  Herschel,  Cape  Obs.  p.  434. 


(*«)  p.  297.— Kosmos,  Bd.  i.  S.  207  and  442,  Anm.49;  Eng.  ed.  p.  188. 

{^*)  p.  298.— Gesenius,  in  the  Hallischen  Litteratnr-Zeitung,  1822,  No. 

101  and  102  (Ergaazungs  bl.  S.  801—812).     The  Chaldeans  regarded  the 

Sun  and  Moon  as  the  two  principal  divinities,  and  the  five  planets  only  as 

presided  over  by  Genii. 

(•*)  p.  298.— Plato,  in  the  Timseus,  p.  38,  Steph. 

(^  p.  298. — Bockh  de  Platonico  systemate  codestinm  globorum  et  de  vera 
indole  astronomise  Philolaicee,  p.  xvii. ;  and  the  same  author  in  the  Philolaos, 
1819,  S.  99. 

(^  p.  298.— Jul.  Firmicus  Matemus,  Astron.  libri  viii.  (ed.  Ptnckner, 
Basil.  1551),  lib.  ii.  cap.  4 ;  of  the  time  of  Constantine. 

(^  p.  298. — Humboldt,  Monumens  des  peuples  indigenes  de  TAm^riqne, 
T.  ii.  p.  42 — 49.  At  that  early  date,  1812, 1  called  attention  to  the  points  of 
analogy  between  the  zodiac  of  Bianchini  and  that  of  Dendera.  Compare 
Letronne,  Observations  critiques  sur  les  representations  zodiacales,  p.  97 ;  and 
Lepsius,  Chronologic  der  Aegypter,  1849,  S.  80. 


Notes.  Cv 

(••)  p.  298. — Letronne  surrorigine  du  Zodiaqiie  grec,  p.  29 ;  Lepsios,  Chro- 
tiologie,  S.  88.  Letronne  contested  the  ancient  CbalJean  origin  of  the  "  pla* 
netary  week"  on  account  of  the  number  7. 

(*»)  p.  298.— Vitruv.  de  Archit.  ix.  4  (ed.  Rode,  1800,  p.  209).  Neither 
Vitruvius  nor  Martianus  Capella  give  the  Egyptians  as  the  authors  of  a  sys- 
tem according  to  which  Mercury  and  Venus  were  regarded  ns  the  satellites 
of  the  Sun,  that  orb  being  itself  viewed  as  a  planet.  Vitruvius  says :— > 
"  Mercurii  autem  et  Veneris  stellse  circum  Solis  radios.  Solera  ipsum,  uti  cen- 
trum, itiiieribus  coronantes,  regressus  retrorsum  et  retardationes  faciunt." 

(*^*)  p.  298. — Martianus  Mineus  Felix  Capella  de  nuptiis  philos.  ct  Mercurii, 
lib.  viii.  ed.  Grotii,  1599,  p.  289  :  "  Nam  Venus  Mercuriusque  licet  ortus  occa- 
snsque  quotidianos  ostendant,  tamen  eorum  circuli  Terras  omnino  non  ambi- 
ont,  sed  circa  Solem  laxiore  ambitu  circulantur.    Dcnique  circulorum  suorum 

centron  in  Sole  coustituunt,  ita  ut  supra  ipsum  aliquando" As  this 

passage  is  entitled  ''  Quod  Tellus  non  sit  centrum  omnibus  planetis,"  it  might 
indeed,  as  Gassendi  asserts,  have  exercised  some  influence  on  the  first  views 
of  Copernicus, — more  so  than  the  passages  attributed  to  the  great  geometer, 
ApoUonins  of  Perga.  Copernicus,  however,  only  says,  *'minime  ooutem- 
nendum  arbitror,  quod  Martianus  Capella  scripsit,  existinians  quod  Venus  tt 
Mercurius  circumerrant  Solem  in  medio  existeutem.*'  Compare  Kosmos, 
Bd.  ii.  S.  350  and  503,  Anm.  34;  Engl.  ed.  p.  309  and  cix..  Note  474. 

(^  p.  299. — Henri  Martin,  in  his  commentary  on  the  IHmajus  (Etudes 
sur  le  Tini^e  de  Platon,  T.  ii.  p.  129 — 133),  appears  to  me  to  have  elucidated 
in  a  very  happy  manner  the  passage  of  Macrobius  on  the  "  ratio  Chaldajorum," 
which  had  misled  the  excellent  Idcler,  in  Wolff's  and  Buttmaun's  Museum 
der  Alterthums-Wissenschaft,  Bd.  ii.  S.  44:^  and  in  his  Memoir  on  Eudoxus, 
p.  48.  Macrobius  (in  Somn.  Scipiouis,  lib.  i.  cap.  19,  lib.  ii.  cap.  3,  ed.  1094, 
pag.  64  and  90)  does  not  appear  to  have  known  anything  of  the  system 
of  Vitruvius  and  Martianus  Capella,  in  which  Mercury  and  Venus  are 
satellites  of  the  Sun,  which  itself  moves,  together  with  the  remaining  planets, 
round  the  Earth,  which  is  fixed  in  the  centre.  He  merely  enumerates  the 
differences  in  the  succession  of  the  orbits  of  the  Sun,  Venus,  Mercury,  and 
the  Moon,  according  to  the  assumptions  of  Cicero.  He  says,  "  Ciceroni, 
Archimedes  et  ChaldsBorum  ratio  cousentit,  Plato  ^gyptios  secutus  est." 
"When  Cicero,  in  the  eloquent  description  of  the  whole  planetary  system 
(Somn.  Scip.  cap.  4),  exclaims  "hunc  (Solem)  ut  comites  consequuntur 
Veneris  silter,  alter  Mercurii  cursus,"  he  only  points  to  the  nearness  to  each 
other  of  the  orbits  of  the  Sun  and  of  those  two  inferior  planets,  after  having 
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previously  enninerated  the  tliree  "  cursuB"  of  Satom,  Jupiter,  and  Man,  all 
zevolTing  roimd  the  uiimoTing  Earth.  The  orbit  of  a  secondary  planet  or 
satellite  cannot  include  the  orbit  of  a  primary  planet,  and  yet  Macrobhis 
says  decidedly — "  iEgyptiorum  ratio  talis  est :  circulns,  per  qnem  Sol  dis- 
currit,  a  Mercurii  circulo  ut  inferior  ambituTy  ilium  quoque  superior  circa- 
lus  Veneris  indndit."  AU  are  permanently  parallel  orbits,  one  induding 
another. 

(«»)  p.  299.— Lepsius,  Chronologic  der  Aegypter,  Th.  i.  S.  207. 

(^)  p.  299. — The  mutilated  name  of  the  planet  Mars,  in  Vettins  Yaleni 
and  Cedrenus,  may  probably  answer  to  the  name  of  Her-tosdi,  as  Sebto 
Saturn.     (See  last-quoted  work,  p.  90  and  98.) 

(^)  p.  SOO.^-We  find  the  most  striking  differences  on  comparing  Aristot. 
Metaph.  xii.  cap.  8,  pag.  1073,  Bekker,  with  Paeudo-Aristot.  de  Mundo,  cap. 
2,  pag.  392.  In  the  last-mentioned  work  there  already  appear  as  the  names 
of  planets,  Phseton,  Pyrois,  Hercules,  Stilbon,  and  Juno ;  pointing  to  the  time 
of  Apuleius  and  the  Antonines,  when  Chaldean  astrology  had  already  spread 
over  the  whole  Roman  empire,  and  denominations  belonging  to  variooi 
nations  were  intermingled  with  each  other.  (Compare  Kosmos,  Bd.  ii.  S.  15 
and  106,  Anm.  18 ;  Eng.  ed.  p.  14  and  111,  Note  18.)  Diodorus  Sicnloa 
says  expressly  that  the  Chaldeans  had  first  named  the  planets  after  their 
Babylonian  deities,  and  that  it  was  thus  this  class  of  names  had  passed  to  the 
Greeks.  Ideler  (Eudoxus,  S.  48),  on  the  contrary,  attributes  these  appella- 
tions to  the  Egyptians,  and  grounds  his  opinion  on  the  ancient  existence  on 
the  banks  of  the  Nile  of  a  seven  days'  planetary  week  (Handbuch  der  Chro- 
nologie,  Bd.  i.  S.  180)  ;  but  this  hypothesis  has  been  effectually  refuted  by 
Lepsius  (Chronol.  der  Aeg.  Th.  i.  S.  131).  I  will  here  bring  together  the 
synon^onous  names  borne  by  the  five  ancient  planets,  taken  from  Erastothenea^ 
from  the  author  of  the  Epinomis  (Philippus  Opuntius  ?),  from  Geminiu, 
Pliny,  Thcon  of  Smyrna,  Cleomedes,  Achilles  Tatius,  Julius  Firmicos, 
and  Simplicius :  their  preservation  has  probably  been  principally  caused  by 
attachment  to  the  dreams  of  astrology. 

Saturn :  ^atvwi'.  Nemesis ;  also  called  by  five  authors  "  a  sun"  (Theon 
Smym.  p.  87  and  165,  Martin). 

Jupiter :  <pa€^ay,  Osiris. 

Mars :  wp6€is,  Hercules. 

Venus :  4a(r<i>6pos,  <l>w<r<l>6pos,  Lucifer ;  4inr€po5,  Vesper ;  Juno ;  Isis. 

Mercury:  ffriKficoP;  Apollo. 

Achilles  Tatius  (Isag.  in  Phaen.  Arati,  cap.  17)  thinks  it  strange  thil 
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EgyptianB  is  well  aa  Greeks  should  give  the  name  of  "  the  bright"  to  the 
ftintest  of  all  the  planets  (probably,  he  surmises,  only  because  it  brings  good  for- 
tune). According  to  Diodorus,  it  was  **  because  Saturn  was  the  planet  which 
made  known  the  future  with  the  most  fulness  and  clearness/'  (Letronne, 
sur  Torigine  du  Zodiaque  grec,  p.  33 ;  and  in  the  Journal  des  Savants,  1836, 
p.  17.  Compare  also  Carteron,  Analyse  de  Recherches  Zodiacalas,  p.  97.) 
Names  which  pass  from  one  nation  to  another  by  means  of  equivalents,  do 
indeed  often  depend  in  their  origin  on  accidental  circumstances  which  it  is 
impossible  to  trace ;  but  yet  it  may  be  well  to  remark  here,  that,  linguistically, 
4xuy€w  expresses  merely  shining ;  therefore,  a  faint,  continuous,  equable  light : 
while  oTtXjSetF  supposes  an  interrupted  more  vividly  bright  and  more 
sparkling  light.  The  descriptive  appellations — <paivay  for  the  remoter  planet, 
Saturn ;  and  <m\fiay  for  the  nearer  planet,  Mercury — appear  to  me  the  more 
appropriate,  because,  as  I  have  already  remarked  (Kosmos,  Bd.  iii.  S.  84 ;  Eng. 
ed.  p.  66),  in  the  daytime,  in  Fraunhofer*s  large  Refractor,  Saturn  and  Jupiter 
appear  faint  in  their  light,  in  comparison  with  the  sparkling  Mercury. 
There  is  indicated,  as  Professor  Franz  remarks,  a  successive  increase  of  bright- 
ness from  Saturn  {<paivMv)  to  Jupiter,  the  lustrous  guider  of  the  luminoof 
chariot  {ipoJ^nv)  ;  to  the  coloured  glowing  Mars  {Tvp6^is)\  to  Venus 
{<pua<f>6pos)  ;   and  to  Mercury  (crriX/Swv). 

The  Indian  appellation  of  the  "  slow-moving"  (sanaistschara),  for  Saturn, 
being  known  to  me,  it  led  me  to  inquire  from  my  celebrated  friend  Bopp, 
whether,  in  the  Indian  names  for  the  planets,  as  in  those  of  the  Greeks,  and 
possibly  of  the  Chaldeans,  it  was  possible  to  distinguish  between  mytholo- 
gical and  descriptive  names.  I  subjoin  the  information  for  which  I  am  in- 
debted to  this  great  philologist ;  placing  the  planets,  however,  as  in  the  above 
table,  in  the  order  of  succession  of  their  real  distances  from  the  Sun  (begin- 
ning with  the  greatest  distance),  instead  of  in  the  order  in  which  they  are 
arranged  in  the  Amarakoscha  (in  Colebrooke,  p.  17  and  18).  According 
to  the  Sanscrit  nomenclature,  there  appear  in  fact,  among  five  names,  to  be 
three  which  are  descriptive  ones  :  those  for  Saturn,  Mars,  and  Venus. 

"Saturn:  sanaitschara,  from  'sanais,  slow,  and  tschara,  moving;  also 
saori,  a  name  of  Vishnu  (derived  as  a  patronymic  from  'silra,  grandfather  of 
Krishna),  and  *sani.  The  planetary  name  'sani-vara,  for  dies  Saturni,  is 
radically  allied  with  the  adverb  'sanais,  slow.  The  appellations  of  the  days  of 
the  week  according  to  the  planets  do  not,  however,  appear  to  have  been 
known  to  Amarasinha.    They  are  probably  of  later  introduction. 
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"Jupiier:  Yrihaspati;  or,  according  to  the  more  ancient  Yedic  mode  of 
writing,  which  is  followed  hy  Lassen,  Brihaspati :  Lord  of  growth ;  a  Tedie 
deity :  from  vrih  (brih),  to  grow,  and  pati,  lord. 

"  Mars :  Angaraka  (from  angara,  burning  coal)  ;  also,  lohit&nga,  the  red 
body :  from  Idhita,  red,  and  anga,  body. 

"  Venus :  a  male  planet,  called  'snkra,  i.  e.  the  bright.  Another  appeilkdaa 
ofiihis  planet  is  daitya-gnm :  teacher,  (gnrn)  of  the  Titans,  Daityas. 

"  Mercurtf :  Bndha  (a  planetary  name  not  to  be  confonnded  with  Baddha,  tk 
founder  of  a  creed) ;  also  RanhinSya,  the  son  of  the  nymph  Rohini,  the  ooa* 
sort  of  the  Moon  (soma)  ;  whence  the  planet  is  sometimes  called  saomya,  i 
patronymic  of  the  Sanscrit  word  for  moon.  l%e  etymological  root  of  both 
Bndha  and  Buddha  is  budh,  to  know.  It  appears  to  me  very  improbable  that 
Wuotan  (Wotan,  Odin)  is  connected  with  Budha.  The  conjecture  has  no 
doubt  been  principally  founded  on  the  external  similarity  of  form,  and  on  the 
agreement  in  the  name  of  the  day  of  the  week,  dies  Mercnrii,  with  the  old 
Saxon  W6danes-dag,  and  the  Indian  Bndha-vara,  Badha's  day.  YlLra  sig* 
nifies  originally  time,  e,  g,  in  bahuv&r&n,  many  times,  or  often ;  later  it  ap- 
pears at  the  end  of  a  composite  form  in  the  signification  of  day.  Jacob 
Grimm  (Deutsche  Mjrthologie,  S.  120)  derives  the  Germanic  Wuotan  from 
the  verb  watan,  vuot  (our  Grerman  waten  j  English,  to  wade),  which  signifies 
meare,  transmeare,  cum  impetu  ferri,  and  corresponds  literally  to  the  Latin 
vadere.  "VVuotan,  Odinn,  is,  according  to  Jacob  Grimm,  the  all-powerfnl, 
all-pervading  Being :  qui  omnia  permeat,  as  Lucan  says  of  Jupiter." 

Compare  on  the  Indian  name  of  the  day  of  the  week,  on  Budha  and  Bnddha, 
and  the  days  of  the  week  generally,  my  brother's  remarks  in  his  work,  Ueber 
die  Verbindungen  zwischen  Java  und  Indien  (Kam  Sprache,  Bd.  i.  S. 
187—190). 

(^  p.  300. — Compare  Letronne  sur  TAmulette  de  Jules  Cesar  et  les 
Signes  planetaires,  in  the  Revue  Archeologique,  Anu^e  iii.  1846,  p.  261. 
Salmasius  saw  in  the  most  ancient  planetary  sign  for  the  planet  Jupiter,  the 
initial  letter  of  Z^vs ;  and  in  that  for  Mars,  an  abbreviation  of  the  name 
hoiipioi.  The  solar  disc,  employed  as  a  sign,  was  rendered  almost  unrecog- 
nisable by  a  triangular  obliquely  issuing  bundle  of  rays.  As  the  Earth  (apart 
from  the  Philolaic  Pythagorean  system)  was  not  reckoned  among  tne 
planets,  Letronne  considers  the  planetary  sign  employed  for  the  Earth  to 
have  come  into  use  subsequent  to  Copernicus.  The  remarkable  passage  of 
Olympiodorus,  on  the  consecration  of  metals  to  pariicnlar  planets,  is  borrowed 
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Froclus,  am]  was  discovtrcd  hj  lH.Mt.  (!□  ihc  Basle  edition  it  is  in 
,  und  in  Schneider's  in  p.  30.)  Compare  for  Olympjodorua  :  Aristot. 
or.  tJ.  Idrier,  T,  ii,  p.  103.  Tlie  Sthnlion  to  Pindar  (lathm.),  ia 
■Thich  the  metala  ore  eompared  to  the  [jlnueta,  also  belongs  to  the  Neo-Platouio 
School.  (Lobrefc,  Aglaophamus  in  Drph.  T.  ii.  p.  038.)  By  ihc  same  con- 
nectioQ  of  idcaa  planetary  signs  came  gradually  to  be  employed  as  signa  for 
the  metals,  and  in  particular  coses  even  furaiibed  munea  to  metuls,  as  mercury 
for  quickailver,  argentum  viviim,  and  bydrargyrus  of  Pliny.  In  the  talu- 
sblo  collection  of  Oreek  anauscnpts  in  Ibe  Paris  Library,  there  are  tno 
msanacripla  on  (he  cabalialic,  so-called  sacred,  art;  one  of  which  (No. 
2250)  mentions  the  itietaia  oonseeruted  to  ths  planets  without  planetary 
aifpiB,  but  the  other  (No.  S329),  which  is  a  kind  of  Chemical  Dictiouory,  and 
belonge  to  (be  15th  century,  combines  the  names  of  the  motala  with  a  imall 
number  of  planetary  signs.  (Hofer,  Hisloire  de  1b  Chiniie,  T.  i.  p.  SEO.) 
Id  tba  Paris  mannscript  No.  3250,  qnicksilver  is  nttribuled  to  Mercury, 
•nd  silver  to  the  Muon  ;  while  in  No.  S329,  on  the  contrary,  quicksilveT  is 
^Ten  to  the  Moon,  and  tin  to  Jnpilcr.  Olympiodorus  aaaigned  the  Lilter 
VElal  to  Mercury: — so  fluelueling  were  tho  mystical  lelationi  of  th* 
heBTColy  bodies  to  the  "  powers  of  the  metals." 

This  ia  the  place  ftjT  alluding  to  the  allotment  (a  dit^rent  plsDcta  of  ths 
Mreral  hours  of  the  day,  and  of  the  sevei'nl  days  of  the  short  period  ot  tcven 
dq's.  Of  the  week,  respecting  tbo  antiquity  and  the  prevalence  of  which 
Muong  remote  natious,  more  correct  vien-s  have  very  rcceutly  been  put  forwaril 
fitf  the  fitEt  time.  The  Egyptians,  as  is  shown  by  Lepaiiia  (Chronologie  der 
Aegypter,  S.  132),  and  testified  by  monumenla  reaching  bock  to  the  very  early 
times  of  the  construction  of  the  great  pyramids,  hod  arigiDally  short  periods, 
similar  lo  weeks,  consisting  not  of  seven,  hut  of  ten  days.  Three  sach 
diuadea  formed  oue  of  (he  twelve  mouths  of  the  solnr  year.  WJien  wo  read 
in  Bio  CassiuE  (lib.  xiivii.  cap.  iviii.)  "  that  the  custom  of  calling  the 
days  of  th<  week  after  the  seven  planets  came  first  from  the  Ejiyptipus,  sod 
bad  spread  not  very  long  ago  from  them  to  all  other  uatious,  aud  iu  parli- 
colac  to  the  Eomaus,  among  whom  it  hod  alren/lg  become  completely  uatu- 
raliseii,"  we  must  not  forget  (bat  this  writer  lived  so  late  as  tlie  rei|;u  of 
AtiiBuder  SeveruB,  and  that  ainee  the  Erst  iuTsaion  of  Oriental  astrology 
under  ths  Ccesars,  and  iiartieulorlj  in  eousequence  of  the  great  aoaemblago  and 
f  persona  of  so  many  nations  and  races  at  Aleinndrio,  it  had 
among  the  people  of  the  West  lo  give  the  name  of  Egyiilian  to 
whatever  seomed  to  be  ancient.     Without  doubt  the  week  of  seven  days  ww 
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Mod  Boak  gocnl  waatmf  tke  5^finitic  aations ;  not  only  among 
tkt  Hebrew^  bat  abo  san^  As  Aiun  Xonudes  long  before  Mahomet. 
1  tnupMwi  to  a  loriaed  uataftijiiur  of  Seahie  nnt^aitJ,  the  Oriental  tTa* 
vdkr.  Prof.  TkibrmliKf^  tt  T^rparj  the  q[iaesCioiia, — wbether  there  were  in 
Ife  writiujp  of  tbc  Old  T  iif  iiiiii  iil,  besides  the  SaMmth,  any  traices  of  names 
far  tiic  aevetal  d^s  of  ti^  ^veek  (oAer  Aan  the  second  and  third  ^y  of  the 
srhriina) ;  and  whether  there  coold  iMmbcie  be  fotmd  in  the  New  Testament, 
at  a  time  when  baapL  ii  liih  iifi  in  !Mesftiae  ceitainlj  niready  pursaed  plane- 
tacj  aatrohicj,  aj  planptaiy  dranwiiTatMB  tcr  a  di^  of  the  week  ?  Tbt 
anawerwaB:  *  Nothsr  in  the  (Xd  nor  Ae  New  Testament  are  there  any  traces 
of  appeOatiaaa  for  aaj  of  the  di^  of  tte  wedc  taWn  firom  the  planets,  and, 
■oreover,  none  neb  cam  be  fiamd  either  in  tileMiadina  or  the  Tahnnd.  The 
cartmn  was  not  to  kj  '  the  aeeond  or  tte  third  of  the  seheboa, '  hnt  to  count  hj 
thedaysofthenMmth:  the  d^  before  the  Sabbath  was  called  'the  6th  day,' 
without  any  additioa.  The  word  SahbaA  was  also  ^plied  directly  to  the  week 
itadf  (Iddcr,  Haadbndhder  Chroaologie,  Bd.  L  S.  480),  whence  we  find  in  the 
lUmod,  for  the  aercral  d^  of  the  week :  first,  second,  third  ci  the  Sabbath. 
The  word  l/gapAi ,  for  achcbaa,  is  not  in  the  New  Testament  TheTalmnd, 
of  which  the  redaction  extends  from  the  second  into  the  fifth  century,  has 
ieaeriptire  Hebrew  names  for  particular  planets,  t.  e.  the  bright  Voins  and 
the  rudtiy  Mars.  The  name  of  Sabbatai  (pn^wrly.  Sabbath-star),  giren  to 
Satom,  b  particularly  remarkaUe,  as  is  abo  the  circumstance  that  among 
the  Pharisaic  names  of  stars  enomerated  by  Epiphanios,  the  name  Hochab, 
Sabbath,  is  used  for  the  planet  Satnm.  May  this  hare  had  any  influence  in 
cansing  the  day  of  the  Sabbath  to  become  the  day  of  Saturn  ;  Saturday,  the 
Satumi  sacra  dies  of  Tibullns  (Eleg.  i.  3,  IS)  ?  A  passage  of  Taeitas 
(Hist.  T.  4)  suggests  additional  considerations,  taking  the  name  of  Saturn 
as  applicable  both  to  the  planet  and  to  a  partly  l^endarj,  partly  historical 
personage.*'  (Compare  also  Forst,  Kultur-  und  litteratur-geschichte  der 
Juden  in  Asien,  1849,  S.  40.) 

The  phases  of  the  Moon  in  her  different  quarters  must  assuredly  hare 
earlier  attracted  the  attention  of  hunting  and  pastoral  nations  than  astrolo- 
gical fancies.  We  may,  therefore,  well  assume  with  Ideler,  that  the  week  has 
arisen  from  the  length  of  the  synodical  month,  of  which  the  fourth  part 
eont^ns  on  the  average  7  days  and  {ths;  and  that,  on  the  other  hdnd, 
references  to  the  planetary  series  or  the  intervals  between  the  planets,  as  well 
as  to  planetary  hours  and  days,  belong  to  a  wholly  different  period,  and  to  a 
more  advanced,  theory-loving  civilisation. 


Thnt  Xlhieat  opinionB  hire  bna  prapoooded  retpecUnK  tli«  eppellitiuiu 
t  ihe  ilifrcrent  da;>  of  the  week  Uken  rrom  the  pluncta,  anl  ruspeeting  the 
it  aad  acquencs  of  the  heaveLity  budies. 


Mercnry,  and 
Muon, 

W  placed  sccording  to  the  oldest  and  most  widely  precaleitt  belief  (Gemiuui, 
1.  Adtr.  p,  1  i  Cicero,  Somn.  Scip.  cap.  4 ;  llrmicue,  ii.  4),  between  the 
reof  theGied  stars  aud  the  Earth, — itself  immoveable  at  n»tia  the  ccalre. 
'a  alluded  to,  oue  is  takea  from  musical  inlcTTats;  another 
n  the  astrological  names  of  the  plaactary  hours ;  and  a  third  from  tha 
diitributioD  of  evcrj  three  decans,  or  three  planets  who  ore  the  lords 
(domini)  of  these  decans,  among  the  twelro  sigaa  of  the  iodine.  Wb  find 
the  two  first-named  hypotheses  io  the  remarkable  pasaage  in  Dlo  Cassius,  in 
which  be  wishes  to  ciplain  (lib.  iiini.  cap,  IT)  whj  the  day  of  Saturn,  our 
Sitorday,  is  kept  hj  the  Jews,  according  to  their  law,  as  the  Suhbath.  Ho 
tnja  :  "  If  we  apply  tha  musical  interval,  called  3i±  Tietrigait,  the  fourth,  to 
the  seren  planets,  according  to  their  times  of  rcTolulion,  and  asaign  to  Saturn, 
which  is  the  outermost  of  all,  the  first  place,  we  come  ueit  to  the  fourth 
(the  Sun],  and  then  to  the  seventh  (the  Mdoq]  -,  and  thns  we  obtain  the 
planets  in  the  order  in  which  they  follow  each  other  in  the  names  of  the  days 
of  the  week."  The  commentary  to  thia  passage  ia  given  hj  Vincent,  "inr 
lea  Maunscrits  grccs  relalifs  i  ta  Mnsiquc,"  1S4T,  p.  138;  compare  also 
Lobeeli.  Aglaopbamus.  in  Orph.  p.  Bll — Q16.  The  second  explanation  of 
Din  Cassins  ia  taken  from  the  periodical  series  of  the  planetary  hours.  He 
(ays :  "  If  we  begin  to  count  the  hours  of  the  dsy  and  night  from  the  Grst 
hour  of  the  day,  calling  the  Cist  hour  that  of  Saturn,  the  second  that  n[ 
Japiter,  the  third  hour  belonging  to  Man,  the  fourth  to  the  Sun,  the  fifth  to 
Venus,  the  sixth  to  Mercury,  and  the  ecveoth  to  the  Moon, according  to  lbs 
order  assigned  by  the  Egyptians  to  the  planets ;  and  if  wc  always  begin  again, 
and  go  through  the  same  round, — we  shall  find  I  hat,  after  passing  through  the 
twenty-four  honrs,  the  Best  hour  of  the  ueit  day  is  that  of  the  Son,  the  Grst 
hour  of  the  third  day  that  uf  the  Mood,  the  first  of  the  fourth  (hat  of  Mars,— 
and,  in  short,  that  the  first  hour  of  fach  day  will  be  tiiat  of  tho  planet  from 
which  the  day  is  called."     Th]is  Paulm  Alciandrinus. 
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mathetnaticiao  of  the  fomtb  centary,  czdls  regent  or  ruler  of  each  day  of  the 
week  the  planet  whose  name  falls  to  the  first  hoar  of  that  day. 

This  mode  of  explanation  of  the  names  of  the  days  of  the  week  has  been 
hitherto  very  generally  received  as  the  correct  one ;  bnt  Letronne  grounds 
mpoD  the  long  neglected  zodiacal  circle  of  Bianchini  (which  is  preserved  in 
the  Louvre,  and  to  which  I  myself,  in  the  year  1812,  recalled  the  attention  of 
antiquarians,  on  account  of  the  remarkable  combination  of  a  Greek  with  a 
Kirgiso-Tartar  zodiac)  the  belief  that  a  third  mode  of  explanation  corresponds 
best  to  the  distribution  of  every  three  planets  to  a  sign  of  the  zodise. 
(Letronne,  *'  Observ.  crit.  et  archil,  sur  Tobjet  des  replantations  zodiacales," 
1824,  p.  97 — 99.)  This  distribution  of  the  planets  among  the  thirty-six 
decans  of  Dodecatomery  is  quite  that  which  is  described  by  Julius  Firmicns 
Matemus  (ii.  4)  as  "  signomm  decani  eorumque  domini."  If  we  distinguish 
in  each  sign  the  planet  which  is  the  first  of  the  three,  we  obtain  the  succes- 
sion of  the  planetary  days  in  the  week.  (In  Virgo — Sun,  Venus,  Mercury ; 
in  Libra — Moon,  Saturn,  Jupiter ;  in  Scorpio — Mars,^vai,  Venus ;  in  Ssgit- 

tarius — Mercury may  here  serve  as  instances  of  the  first  four  days  of 

the  week ; — Dies  iSolis,  Luna,  Mortis,  Mercurii.)  As,  according  to  Diodoms, 
the  Chaldeans  originally  counted  only  five  planets  (the  starry  ones),  not 
seven,  so  all  those  combinations  in  which  periodical  series  are  formed  of 
more  than  five  planets,  appear  to  have  not  au  ancient  Chaldean,  but  rather 
a  very  late  astrological  origin.  (Letronne,  sur  Torigine  du  zodiaque  grec, 
1840,  p.  29.) 

Some  of  my  readers  may  perhaps  be  pleased  to  find  here  a  farther  very 
short  explanation  of  the  agreement  between  the  order  of  succession  of  the 
planets  as  days  of  the  week,  and  their  order  of  succession  and  distribution 
among  the  decans  in  the  zodiac  of  Bianchini.  If,  taking  the  so-called  seven 
planets  in  the  order  of  succession  in  which  they  were  arranged  according  to 

th?  custom  of  the  ancients,  and  assigning  to  each  a  letter — (Saturn  a»  Jupiter 

d.  Mars  c,  Sun  d,  Venus  e,  Mercury  y^  Moon  ff) — we  make  of  these  seven 

members  the  periodical  series 

abed  e  f  ffy       a  h  c  d ; 

then  we  obtain,— 1st,  by  missing  two  members  in  the  distribution  among  the 

decans,  each  one  of  which  contains  three  planets  (of  which  the  first  in  each 

zodianl  sign  gives  its  name  .to  the  day  of  the  week),  the  new  periodical 

series,  a  d  g  c  f  h  e,      a  d  g  c 

».   e.   Dies  Satumi,  Solis,  Lunse,  Martis,  &c.;    and  2nd]y,  the  same  new 

■*"®*  a  d  g  c 

bj  the  method  givenbyDioC&ssius  of  the  twenty-four  planetary  hours,  according 
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to  which  the  successive  days  of  the  week  take  their  names  from  the  planet 
which  rules  over  the  first  hour  of  the  day;  so  that  we  have  alternately  to  take 
a  member  of  the  periodical  planetary  series  of  seven  members,  and  to  pass  over 
or  omit  28  members.  Now,  in  a  periodical  series,  it  is  indifferent  whether 
we  omit  a  certain  number  of  members,  or  this  number  augmented  by  any 
multiple  of  the  number  of  members  in  the  period  (which  in  this  case  is  7). 
By  omitting  23  (a3  x  7  + 2)  members  in  the  second  method,  that  of  the 
planetary  hours,  we  are  conducted  therefore  to  the  same  result  as  by  the  first 
method  of  the  decans,  in  which  only  two  members  were  passed  over. 

I  have  abready  referred  in  the  preceding  note  (**),  to  the  remarkable  re- 
semblance between  the  fourth  day  of  the  week,  dies  Merciurii,  the  Indian 
fiudhit-vAra,  and  the  old  Saxon  Wod&nes-dag.  (Jacob  Grimm,  Deutsche  My- 
thologie,  1844,  Bd.  i.  S.  114.)  The  identity  asserted  by  Sir  Wm.  Jones  betwetu 
Buddha  and  Odin,  Woden,  Wuotan  or  Wotan,  so  celebrated  in  northern  heroic 
Sagas,  and  in  the  history  of  northern  civilisation,  may  perhaps  be  rendered 
still  more  interesting  by  remembering  the  name  of  Wotan  as  that  of  a  half- 
mythical,  half-historical  personage  in  the  central  parts  of  the  New  Continent, 
respecting  whom  I  collected  many  notices  in  my  work  on  the  Monuments  and 
Myths  of  the  Aborigines  of  America  (Vues  des  Cordilleres  et  Monumens  des 
Peuples  indigenes  de  I'Amenque,  T.  i.  p.  208  and  382—384;  T.  ii.  p.  356). 
According  to  the  traditions  of  the  natives  of  Chiapa  and  Soconusco,  this  Ame- 
rican Wotan  was  the  grandson  of  the  man  who  in  the  great  inundation  saved 
himself  in  a  boat  and  renewed  the  race  of  mankind.  He  caused  great  build- 
ings to  be  constructed,  during  the  erection  of  which  (as  during  tbat  of  the 
Mexican  pyramid  of  Cholula),  confusion  of  tongues,  strife,  and  dispersion  of 
tribes  ensued.  His  name  passed  (Hke  the  name  of  Odin  in  the  Germanic  North) 
into  the  Calendar-system  of  the  natives  of  Chiapa.  One  of  the  five-day  periods, 
four  of  which  formed  the  month  of  the  Chiapaneks,  as  well  as  of  the  Aztecs, 
was  called  after  him.  While,  among  the  Aztecs,  the  names  and  the  signs  of 
the  different  days  were  taken  from  animals  and  plants,  the  natives  of  Chiapa 
(properly,  Teochiapan)  designated  the  days  of  the  month  by  the  names  of 
twenty  leaders,  who,  coming  from  the  Northy  had  conducted  them  thus  far 
towards  the  South.  The  four  most  heroic  of  these  leaders — Wotan  or  Wodan, 
Lambat,  Been,  and  Chinar — gave  their  names  to  the  opening  days  of  the  small 
periods,  or  weeks  of  five  days, — a  post  which  among  the  Aztecs  was  occupied 
by  the  symbols  of  the  four  elements.  Wotan  and  the  other  leaders  belonged 
incontestably  to  the  race  of  the  Toltecs,  whose  invasion  took  place  in  the 
seventh  century.     Ixtlilxochitl  (his  Christian  name  was  Fernando  de  Alva), 
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the  fint  liivtoriaii  of  Idi  natum  (the  Astecs),  says  decidedly,  in  the  manoscripto 
prepared  hy  him  ao  early  aa  the  heginuing  of  the  lOih  centary,  that  the 
province  of  Teochiapan,  and  the  whole  of  Goatimala,  from  one  coast  to  the 
other,  waa  peopled  by  Tolteca ;  and  even  that  at  the  commencement  of  the 
Spanish  Conqneat  there  atiU  lived  in  the  village  of  Teopixca  a  family  who 
boasted  of  their  deaoent  from  Wotan.    The  Bishop  of  Chiapa,  Eraneiaeo 
Nuftez  de  U  Vega,  who  waa  President  of  a  Provincial-ConciHnm  in  Goatimali, 
collected  many  things  respecting  the  legends  of  the  American  "Wotan  m  hii 
"  Preambnlo  de  laa  Constitnciones  dioceaanas."    Whether  the  tradition  of  the 
first  Scandinavian  Odin  (Odinn,  Othinns)  or  Waotan,  aaid  to  have  come  from 
the  banks  of  the  Don,  has  any  historic  foundation,  is  still  very  unoertaiB 
(Jacob  Grimm,  Bentsche  Mythologie,  Bd.  i.  S.  120—160).    The  identity  of 
the  American  and  Scandinavian  Wotan,  which  doea  not  indeed  rest  soldy  oa 
the  mere  similarity  of  sonnd,  still  remains  as  donbtfol  as  doea  the  identity  of 
Wuotan  (Odinn)  and  Bnddha,  or  that  of  the  names  of  the  Indian  foonder  of 
the  Buddhistic  religion  and  the  planet  Badha. 

The  supposed  existence  of  a  Peruvian  week  of  seven  daya,  ao  often  addooed 
aa  a  Semitic  similarity  between  the  two  continents  in  respect  to  the  manner 
of  dividing  time,  rests,  as  Pater  Acosta,  who  visited  Peru  soon  after  the 
Spanish  Conquest,  had  already  shown  (Hist,  natural  y  moral  de  las  Indias, 
1591,  lib.  vi.  cap.  3),  on  a  mere  error ;  and  the  luca  Garcilaso  de  la  Yegs 
himself  corrected  his  earlier  statement  (Parte  i.  lib.  ii.  cap.  35),  by  sayiug 
distinctly,  that  in  each  of  the  months,  which  were  reckoned  by  the  Moon, 
there  were  three  festival  days,  and  that  the  people  were  to  work  eight  days 
and  rest  the  ninth  day  (Parte  i.  lib.  vi.  cap.  23).  The  so-called  Peruvian 
weeks  were  therefore  of  nine  days.  (See  my  "  Vues  des  Cordill^res,"  T.  I 
p.  841—343.) 

(«7)  p.  301.— Bockh  uber  Philolaos,  S.  102  and  117. 
(^)  p.  304. — We  ought  to  distinguish,  in  the  history  of  discoveries,  he- 
ween  the  epoch  when  a  discovery  was  made,  and  that  of  its  first  publication. 
By  not  attending  to  this  distinction,  discordant  and  erroneous  dates  have 
been  introduced  into  astronomical  compendiums.  Thus,  for  example,  Hnygens 
discovered  the  sixth  satellite  of  Saturn,  Titan,  on  the  25th  of  March, 
1655,  (Hugenii  Opera  varia,  1724,  p.  523),  and  published  the  discovery  for 
the  first  time  on  the  5th  of  March,  1656.  (Systema  Satumium,  1659, 
p.  2.)  Hnygens,  who  had  been  uninterruptedly  occupied  with  Saturn  since 
the  month  of  March  1655,  enjoyed  the  full  and  undoubted  view  of  the  open 
ring  on  the  17th  of  December,  1657  (Syst.  Sat.  p.  21),  but  did  not  pnhliah 
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bi)  Klectific  elplunDtion  of  nil  (he  phicaDmena  odIlI  1G59.  (Oolilco  had 
Dill;  thought  that  he  sax  oa  eilhu  aide  of  the  pUnet  two  Jctaohed,  eiicolu 
duki.) 

("«>)p,  305.— Koamos,  Bd.  i.  S.  95 ;  Eogl.  cd.  p.  82.  Compare  ilao 
Eocke  in  fkhamacher's  Asir.  Nscbr.  Dd.  Lxvi.  1848,  No.  622,  S.  3-17. 

{■"Jp.  SIB.— Bockh  do  Plalonieo  ajat.  p.  iiiv.,  and  in  his  Philukoa, 
S.  100.  The  crder  uf  urrangBmeut  of  the  plnnets,  nhii'b,  aa  we  have 
jait  seen  (Note  "1,  gave  occasion  to  the  planetary  appellationi  of  the  dayi 
of  the  neck,  and  which  was  that  of  GuDiioiis,  is  diatioctl;  called  by  Flolem; 
(ilmag.  li.  cap.  1)  the  moat  ancient,  He  hUmoa  the  molivei  which  had 
led  "  more  recent"  viriterB  to  "  placn  Vcnua  and  Mcrcurj  bejoikd  Ibe  San." 
(^")  p,  315. — The  PjtbagoremiB  defended  (he  belief  k  the  reality  of  the 
production  of  mnaical  saonds  by  the  resolution  of  the  spheres,  by  asserting 
tkat  we  hear  only  wheo  there  is  alternation  of  eound  and  of  silence,  (dj^islot. 
de  Ccelo,  ii.  0,  pag.  200,  No.  24—30,  Bckker.)  The  mnsic  of  the  spherei  is 
also  said  to  remain  unheard  by  reaaou  of  >  deafening  effect.  (Cicero  de  rep, 
Ti,  18.)  Ariatutle  himacif  tcrma  the  Pjtliagoreaa  myth  on  this  anhjeet, 
pleating  and  ingeuicns.  Ko/x'^ais  icai  irijiiTTat],  but  unlrae  (1-  "■  ^0. 12 — 15), 
P»-T  (ft  815.— B6ckh,  in  the  Pbilolaoa.  S.  00. 

C^)  p.  31(1.— Plato  de  republics,  ..  p.  S17.  He  eatimalflllhe  distaneci  of 
the  planctB  according  to  two  entirely  different  progressiona — one  duplicate, 
the  other  triplicolo— whence  there  arises  the  seriea  1.  2,  S,  i,  9.  8,  27.  It 
ii  the  sanio  seriea  which  is  found  in  the  Tirneus  (p.  SB,  Steph.),  in  apecula- 
nons  relative  to  the  arithmetical  division  of  the  acul  of  the  Uniceru  which 
the  DeminrguB  undertake).  Plato  has  coniiidercd  the  (no  geometrical 
progressions  I  .  .  2  .  .  4  . .  8  and  I  .  .  3  .  .  9  .  .  27  conjointly,  taking 
each  snecesaivB  nombor  alternately  from  either  series ;  whence,  as  above, 
1  .  .  2  . .  3  . .  1  . .  9.  Compare  B5ckh  in  the  "  Studien  von  Daub  and 
Cnmzcr,"  Dd.  ill.  S.  34-13  ;  Martin,  E'tudea  snr  le  Tim&,  T.  i.  p.  384, 
and  T.  ii.  p.  64.  Couipore  also  PivvuiC  "  sur  Time  d'apr^  Platoo,"  in  the 
Mem.  de  I'Acad.  de  Berlin  pour  1802,  p.  90  and  97  1  and  Die  same  writer 
in  the  Bibliolheque  hrilanni^uc,  Seieacea  et  Arts,  T.  iiivii.  1808,  p.  153. 

(>")  p.  3ia.— Sen  the  ingenious  treatise  of  Professor  Ferdinand  Piper, 
entitled  "  Von  der  Hamionie  der  Siiharcn,"  1850,  S.  13-18.  The  younger 
Ideler  has  treated  in  detail,  and  with  much  learned  criticiam,  the  subject  u( 
the  supposed  rektioa  of  the  seven  vowels  of  the  nneient  Egyplinn  language 
to  (he  seven  planets ;  and  Goatoi  Seyffarth'a  ideas  (refuted  even  by  the 
researches  of  Zoega  and  Toike)  respecting  supposed  astrologiial  vowel-RlJed 
hjmua  of  the  Egyptian  pricata,  dlacuaaing  them  in  connection  Kilh  passages 
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of  the  PMiido-Demetriiu  Fhalerens  (perhaps  Demetrius  of  Alexandria),  an 
epigram  of  Euaebios,  and  a  gnostic  manuscript  at  Leyden.  See  HermapioD, 
1841,  Pan  i.  p.  196—214,  and  compare  with  it  Lobeck,  Aglaoph.  T.  iL 
p.  982. 

(*^)  p.  816. — On  the  gradnal  de7elopment  of  Kepler's  musical  ideas,  see 
Apeli's  Commentary  on  the  Hannonice  Mnndi,  in  his  work  entitled  Johann 
Keppler's  Weltansicht,  1849,  S.  76—116.  (Compare  also  Delamhre,  Hist,  de 
I'Astr.  mod.  T.  i.  p.  352—860.) 

(>^  p.  816.— Kosmos,  Bd.  iL  8.85^;  Engl,  ed  p.  313. 

{^^)  p.  317. — ^Tycho  Brahe  had  annihilated  the  crystal  spheres  to  which 
the  planets  were  supposed  to  be  attached.  Kepler  praises  this  enterprise,  but 
yet  persists  in  representing  the  sphere  of  the  fixed  stars  as  a  solid  globular 
shell  of  two  German  miles  in  thickness,  on  which  shine  twelve  stars  of  the 
first  magnitude,  all  at  an  equal  distance  from  the  Earth,  and  having  a  parti- 
cular  relation  to  the  angles  of  an  icosaedron.  The  fixed  stars  "  lumina  sua  ah 
iniut  emittunt :"  the  planets  were  also  supposed  to  be  self-luminous  until  he 
"  learnt  better  from  Gkdileol"  Although,  like  several  of  the  ancients,  and 
like  Giordano  Bruno,  he  regarded  all  the  fixed  stars  as  sans  similar  to  our 
own,  yet  he  was  less  favourable  than  I  have  stated  in  an  earlier  volome 
(Kosmos,  Bd.  ii.  S.  365 ;  Eugl.  ed.  p.  324)  to  the  opinion  "  which  he  had 
pondered,"  that  they  are  all  surrounded  by  planets.  Compare  Apelt's  work, 
quoted  above,  S.  21 — 24. 

("8)  p.  317.— Delambre,  in  the  Hist,  de  TAstr.  mod.  T.  i.  p.  314,  inhia 
astronomically  but  not  astrologically  complete  extracts  from  Kepler's 
Sammtlichen  Werken,  p.  814 — 615,  first  called  attention  to  the  planet  con- 
jectured by  Kepler  to  exist  between  Mercury  and  Venus.  *'0n  n'a  fait 
aucune  attention  fk  cette  supposition  de  Kepler,  quand  on  a  form^  des 
projets  de  d6couvrir  la  planete  qui  (selon  une  autre  de  ses  predictions)  detait 
circuler  entre  Mars  et  Jupiter." 

(**^)  p.  317. — The  remarkable  passage  respecting  the  filling  np  of  a  gap  or 
hiatus  between  Mars  and  Jupiter,  is  found  in  Kepler's  Prodromus  Disserta- 
tionum  cosmographicarum,  continens  Mysterium  cosmographicnm  de  admi- 
rabili  proportione  orbium  coelestium,  1596,  p.  7 : — "  Cum  igitur  hac  non 
succederet,  alia  via,  mirum  quam  audaci,  tentavi  aditum.  Inter  Jovem  et 
Martem  interposui  novum  planetam,  itemque  alium  inter  Venerem  et  Her* 
curium,  quos  duos  forte  ob  exilitatem  non  videamus,  iisque  sua  temponi 
periodica  ascripsi.  Sic  enim  existimabam  me  aliquam  sequalitatem  proper- 
tionum  effecturum,  quae  proportiones  inter  binos  versus  Solem  ordine  miooe- 
rcntur,  versus  fixas  augescerent :    ut  propior  est  Terra  Veueri  quantitate 
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orbis  tcrreslria,  quara  Mara  Teme  in  qnantilale  orbis  Martia.  Vernin 
hoc  parto  Deque  nuiiia  pUnetic  iaterpositio  eufficiebal  iugcati  hiatu. 
JoT«m  ioter  et  Marteni :  mancbat  enim  mnjor  Jovis  ul  iilum  noviun 
proporlLD,    quam    est    SitDrni    ad    Jovem.        Rursus    aliu    modo    eiplo- 

ravi "     Kepler  naa  twentj.fiveypara  old  when  be  wrote  thia.     We  sea 

how  Ilia  mobile  spirit  set  up  hypothtees,  and  qnic^l;  abandoned  and  eidianged 
them  for  uthen,  Tbroagh  all  saeb  i:hane;ES  he  preserved  a  hopefnl  conGdence 
of  discovering  aumerical  latut,  even  where,  amongst  the  moat  varied  pertur- 
bations of  ultracting  forces  (perturbations  of  which  our  ignorance  of  the 
RCCompiiiifiDg  eonditiona  forbids  all  attempt  at  calculating  the  combined 
actiou),  the  matter  of  which  the  planetary  orba  were  formed  has  bean  con- 
■oUdated  into  bodies  revoliing  in  some  initancea  eingl;  in  aimpte  orbits, 
■Imost  parallel  to  each  other;  in  other*  in  groups,  and  in  wonderfully  inter- 
■ecting  and  intertwiuing  orbits. 

C")  p.  318. — Nevitoni,  Opuacnlamathematica,  philosophica  ct  philologica, 
1714,  T.  ii.  Opnsc.  iriii.  p.  248  :  "ChordBiQ  musice  diviaam  potioi  adhibui, 
non  tantum  quod  cum  phaiuomenis  (lucie)  optimc  conrenit,  sedquodfortasse, 
■liquid  circa  colonim  harmonias  [quamra  pictoree  non  penitua  ignari  sunt), 
■onarum  eoncordanliia  fortasse  aualogas,  involvat.  Quemadmodum  vcrisimi' 
lim  videbitnr  animadvertcnli  aSiuitatcm,  qnce  est  iuler  eitimsm  Purpuram 
(Violarum  colorem)  ac  Bubedinem,  colorum  eitremitatea,  qnalis  inter  oclsvie 

terminos  (qui  pro  nnisonis  qnodamoiDda  haberi  poasuut)  repcritnr. " 

Compare  also  Prevoat,  in  the  Mem.  da  I'Acad.  da  Berlin  pour  1803,  p.  77 
and  93. 

("')  p.  318.— Seneca,  Nat.  QuKst.  vii.  13  i  "Non  has  tanlum  stellaa 
quiaque  discurrere.  Bed  solas  observatas  esse :  ceterum  iunumcrabiles  fei-ri 
per  occoltum." 

C^  p.  319. —As  I  could  not  feel  satisfied  M'ilh  the  eiplanationa  which 
Heyne  hud  giveu  (Dc  Arcadibua  luna  antiqnioribna,  in  Opuac.  aced.  Vol.  ii. 
p.  832),  of  the  origin  of  the  widely  prevalent  astronomical  mjth  of  tlic  Pro- 
wlenes,  I  was  much  rejoiced  at  receiving  a  new  and  veiy  happj  eololiou  of 
Ihe  problem  fiom  my  ingenious  philological  Trie od.  Professor  Johannes  [Vaui. 
This  solution  ia  not  connected  either  with  the  construction  of  the  cah'ndnr  bj 
the  Arcadiaus,  or  with  their  worship  of  the  Moou.  I  cuuflne  m)  ailf  to  an 
eitratt  from  an  inedited  and  more  comprebenaive  discussion.  "  In  a  work 
in  which  I  have  imposed  on  myself  the  abligsliou  of  Freqaenll;  connecting 
our  completer  knowledge  with  the  knowledge  of  tha  anoieuts,  and  even  with 
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tradition,  mort  or  len  preralent  opinioni  or  boliefa^  I  think  that  the  fol- 
lowing explanation  maj  not  be  nnweloome  to  a  portion  of  mj  readers  : — 

"  We  begin  with  aome  leading  passages  from  the  ancients,  which  treat  of 
the  Proselenes.    Stephanos,  of  Byxantinm  (Y.  'ApKds)  mentions  the  logo- 
graph  Uippys*  of  Rheginm,  a  contemporary  of  Barioa  and  Xerxes,  as  the  first 
who  called  the  Arcadians  w^t^cX^yovf .     The  SdioUaata  ad  Apollon.  Bhod.  i?. 
264,  and  ad  Aristoph.  Nab.  S97*  conenr  in  saying,  that  the  high  anti- 
qoity  of  the  Arcadians  is  most  clearly  shown  by  their  being  called  rpoaikifmHi 
and  thf  t  they  would  seem  to  haye  been  there  before  the  Moon,  as  is  also  asii 
by  EudoxQS  and  Tkeodoms ;  to  which  the  latter  adds  that  the  Moon  appeared 
a  short  time  before  the  combat  of  Hercoles.    Aristotle,  in  speaking  of  the 
dvil  coQstitntion  of  the  Tegeates,  says  that  the  barbarians  who  prenoody 
inhabited  Arcadia  were  driyen  oat  by  the  later  Arcadiana  before  the  Moon 
appeared,  and  were  called  on  that  account   pwrdKiivoi,    Others  say  that 
Eadymion  discoYcred  the  rerolations  of  the  Moon,  and  that  as  he  was  an 
Arcadian,  his  countrymen  were  called  after  him  rpoadKtiyoi,    Ludan  spesb 
in  terms  of  censure,  saying  (Astrolog.  26)  that  the  Arcadians,  from  want  of 
understanding,  and  from  folly,  asserted  that  they  were  a  people  more  aneteot 
than  the  Moon.     In  Schol.  ad  iBschyl.    Prom,  436,  it  is  remarked: 
wpofftXoifMyoif  is  ^fipllSfiwov,  whence   also  the   Arcadians    are  termed 
wpo<r4\iiyoi,  because  they  have  too  much  pride.    The  passages  in  Ovid  re- 
spectiug  the  prelunar  existence  of  the  Arcadians  are  well  known.    Yoy 
recently  the  idea  has  been  propounded  that  the  ancients  were  themselves 
generally  deceived  by  the  form  wpoatXriyoi ;  the  word  (properly,  wpo€\Xnwn) 
signifying  prehellenic,  as  Arcadia  was  a  Pehisgic  country." 

"  If,  now,  it  can  be  proved,"  continues  Professor  Franz,  "  that  another 
nation  connects  its  descent  with  another  heavenly  body,  we  may  be  spared  the 
trouble  of  having  recourse  to  illusive  etymologies ;  and  the  means  of  such 
proof  do  actually  exidt  in  the  best  form.  The  learned  Rhetor  Menander 
(about  A.D.  270),  sayA  in  his  writing  "  de  encomiis"  (sect.  ii.  cap.  8,  ed. 
Heeren)  as  follows : — A  third  topic  of  praise  is  afforded  by  time,  as  is  the 
case  with  all  that  is  most  ancient ;  as  when  we  say  of  a  city  or  of  a  country, 
that  it  was  built  or  was  settled  before  this  or  that  star  or  luminary,— ^r 
coeval  with  the  stars, — or  before  or  soon  after  the  flood :  as  the  Athenians 
assert  that  they  were  coeval  with  the  Sun,  the  Arcadians  that  they  were  more 
ancient  than  the  Moon,  and  the  Delphians  that  they  originated  immediately 
after  the  flood :  for  these  are  eras  or  periods  of  commencement  in  time. 
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L  "  Tbu9  Dclpbi,  nho3e  canaectiau  with  Ceucdion'e  flood  Is  alsa  othocwise 
i£ed  (Pausau.  i,  6),  ia  anrpafised  in  antiquilj  by  Arcndia,  and  Arcadia  bj 
ApoUaniae  Rboilius,  who  imitatta  older  examplFB,  speaks  quilE  io 

ordauoe  herewith  where  he  says  (ir.  £61)  Lbat  Egjpt  nss  inhabited  before 
ei  Gountriet '  "<rhea  as  yet  uot  all  the  lumiuariea  of  heaVEQ  had  begoa 
their  coiirae^  aa  yet  the  people  of  DaQQUB  vere  Dot,  Deither  DeacaliouV  raoe ; 
only  the  Arcsdlans  were  in  eilstenoe ;  of  nhoiu  it  is  said  that  they  lived 
befori;  the  Moou,  feediug  on  aoorna  from  Iha  oaks  of  lie  monutaini."  So 
also  Nomiua  (lli.)  says  of  the  Syrian  Beroe,  that  it  was  inhabited  hefore  the 
Sod. 

Snch  a  custom  of  taking  sapposcd  «poclu  in  the  eonitraetion  of  the  Uni- 
TCne  SI  chrunological  sras,  htlongs  to  a  period  in  modes  of  contcDiplation,  in 
trhich  all  imagery  is,  as  yet,  mure  vivid  than  at  Inter  epochs,  and  ia  near); 
■llied  to  geaealogicol  local  poclry.  Thns  it  ia  even  not  improbable  that  tliB 
tale  of  the  combat  of  the  giaols  io  Arcadia,  snng  by  an  Arcadian  poet,  and  to 
which  nllusion  is  made  in  the  words  referred  to  above  of  Ihe  nncicDt  Theo- 
donis"{vrhomBomGregarda3aSaiaothracmn,aTidwhoaa  work  must  have  been 
a  very  comprehensive  one),  may  have  given  occasion  to  the  diffaaion  of  the 
epithet  wpBaihijuai  applied  to  tho  Arcadians."  Eespeotiog  the  double  name  of 
"  Arbades  Pelasgoi,"  aud  the  distinction  drawn  between  a  more  ancient  ami 
more  modern  population  of  Arcadia,  compare  the  eicellent  work  called  "der 
Peloponesaoa,"  by  Ernst  Curtius,  1861,  S,  160  and  180.  In  tho  Kew  Con- 
tinent, also,  as  I  hare  shown  elsewhere  (see  my  "  Kleine  Schrlften,"  Bd.  i. 
8,  116),  the  tribe  of  the  Muyaeaa  or  Moicas,  on  the  high  table-land  of 
Bogota,  boasted  in  its  hisUirical  myths  oF  n  proselenio  antiquity.  They  con- 
nected the  origin  of  the  Moon  with  the  tradllioa  of  a  great  inundation,  which 
a  woman  who  accompanied  the  wonder-working  personage  Bolscbika,  occa- 
rioned  by  her  magic  arts.  BotEcbika  dreve  away  the  woman  (who  was  called 
Ilnythaca  or  Scbia).  She  left  the  earth  and  became  the  Moon,  "  which  till 
then  had  never  given  llLjht  to  the  Muyacas."  Bolschika,  taking  pity  upon  man- 
kind, opened  with  a  tlrong  hand  the  sleep  rocky  wall  near  Canoas,  where  the 
Eio  de  Funzba  now  precipitates  itself,  in  the  celebrated  walerfuU  of  the 
Teqamdama,  The  valley,  which  had  previoaaly  been  filled  with  water,  wat 
Ihni  laid  diy,— a  gcognostical  romance  which  Is  often  repeated,  as,  for 
example,  in  the  closed  Alpine  Valley  of  Caahmeer,  where  the  powerful  re- 
mover of  the  watere  ia  called  Kaayapa. 

C^)  p.  820, — "  Kart  Bonnet,  Betraehtung  iiber  die  Natur,  uberselif  von 
Tilina,"  2d  edition,  1T72,  S.  T,  Note  2,  (the  first  edition  was  m  ITflG).  lathe 
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oiigEBal  work  of  Bonnet  there  is  not  even  an  allosion  to  snch  a  law  of  dii* 
tuGCt.  (Compare  alao  Bode,  Anleit.  znr  Kenntniss  des  gestimten  Himn^^ 
2te  Aofl.  1772,  S.  462.) 

(^)  p.  Sil. — As  Tithis  made  the  distance  from  the  Snn  to  Saturn,  tba 
regarded  as  the  oatermost  planet,  »  100,  the  several  distances  according  ta 
theso-edled  progression, 

4,  4  +  3,  4  +  6,  4  +  12,  4  +  24,4  +  48,  ooght  to  be,^ 

Mercoiy.     Tenus.        Earth.        Mars.     Small  Planets.  Jnpiter. 

TZTt  \o8  loo       loo        loo       too 

whence,  taking  the  distanee  of  Satom  from  the  Son  at  197*8  millions  of 
German  geographical  mfles  (789*2  Engl.),  «re  hare  the  following  distance!  of 
the  planets  from  the  San,  estimated  according  to  the  sa-ne  scale : — 


Dittaaces  accordine  to  Titios  in  Geographical 
Gennan  Miles,  15  to  a  Degree. 

Mercnry 7*9  millions. 

Venus 13*8  „ 

Earth 197  „ 

Mars 31-6 

Smrdl  planets 55*2  „ 

Jupiter   102-6 

Saturn    197'3 

Uranus  386'7  ,> 

Xeptune 765*5  „ 


Actual  Distances  in  Bfika, 
15  to  8  D^^ree. 


80 
150 

20*7 
31*5 
55*2 
107-5 
197-3 
396*7 
621*2 


ipillions. 


» 


i> 


tt 


i> 


» 


(K«)  p.  321.— Wurm,  in  Bode's  Astron.  Jahrbuch  fur  das  J.  1790,  S.  168 ; 

and  Bode,  Von  dem  neuen  zwischen  Mars  und  Jupiter  cntdecktea  acliteo 

Hauptplaneten  des  Sonnensystems,  1802,  S.  45.  With   Wurm's  niuutrical 

correction,  the  series  of  distances  from  the  Sun  is  : — 

Parts. 

Mercury    387 

Venus    387     +  298     «       680 

Earth    387     +       2  x  293     -=       973 

Mars 387     +       4  x  293     =      1559 

SmaU  planets 387     +       8  x  293     »      2731 

Jupiter  387     +     16  x  293     ==     5075 

Saturn   387     +     32  x  293     «     9763 

Uranus  387     +     64  x  293     «   19139 

Neptune 887     +   128  k  293     -  37891 
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In  order  to  supply  the  means  of  examining  the  accuracy  of  these  results,  1  sub- 
join once  more  the  actual  mean  distances  of  the  planets  as  at  present  recog- 
nised, and  in  the  same  table  the  numbers  which,  two  centuries  and  a  half  ago, 
Kepler  regarded  as  the  true  values  according  to  Tycho  Brahe's  observations. 
I  take  the  latter  from  Newton's  paper,  entitled  De  Mundi  Systemate  (Opus- 
enla  math.,  philos.  et  philol;  1744,  T.  ii.  p.  11). 


Planets. 

True  Distances. 

Results  of  Kepler. 

Mercury    

Venus    

Earth    

Mars 

0-38709 
0-72333 
100000 
3-52369 
2-66870 

5-20277 

9-63885 

19-18239 

80-03628 

0-3S806 
0-72400 
100000 
1-52350 

5-19650 
9-51000 

Juno 

Jupiter 

.Saturn   

Uranus 

Neptune    

« 


C^)  p.  324. — ^The  Sun,  which  Kepler,  probably  from  enthusiasm  for  the 

divina  inventa"  of  his  justly  celebrated  contemporary  "William  Gilbert,  re- 
garded as  magnetic,  and  whose  rotation  in  the  same  direction  as  the  planets 
he  maintained  before  the  solar  spots  had  been  discovered,  is  declared  by  Kepler 
to  be  "  the  densest  of  all  celestial  bodies,  because  he  nrcnnes  all  the  rest  which 
belong  to  his  system."  (Comment,  de  motibns  Stellse  Martis,  cap.  23 ;  and 
in  AaJtronomiee  pars  optica,  cap.  6.) 

(•^  p.  824. — Newton  de  Mundi  Systemate,  in  Opusculis,  T.  ii.  p.  17  : 
"Corpora  Veneris  et  Mercurii  majore  Solis  calore  magis  concocta  et  coagulata 
rant.  Planets  ulteriores,  defectu  caloris,  carent  substantiis  illis  roetallicis  et 
mineris  ponderosis  quibus  Terra  referta  est.  Densiora  corpora  qua:  Soli  pro- 
piora :  ea  ratione  constabit  optime  pondera  Planetarum  omnium  esse  inter 
ae  nt  vires.*' 

(«8)  p.  828.— M&dler,  Astronomic,  §  198. 

C^)  p.  829.-— Humboldt  de  Distributione  geographica  Plantarum,  p.  104 
<Ansiobten  der  Natur,  Bd.  i.  S.  131  bis  133). 

((**)  p.  830. — L'eteudue  entiere  de  cette  variation  serait  d*environ  12 
degr^,  mais  Taction  du  Soleil  et  de  la  Lune  I'a  reduit  a  pen  pres  si  trois 
degi^s  (centesimau^).     Laplace,  Expos,  du  Syst.  du  Monde,  p.  803. 

C®^  p.  880. — I  have  shewn  elsewhere  by  the  comparison  of  numerous  mean 
annual  temperatures,  that  in  Europe,  from  the  North  Cape  to  Palermo,  a  dif- 
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ference  of  one  degree  of  geographical  latitude  corresponds  very  nearly  to  (fo 
of  the  Centigrade  thermometer  (0°9  Fahr.),  bat  that  in  the  system  of  tern- 
peratnres  on  the  American  coast  from  Boston  to  Charlestown,  the  same  dif- 
ference of  latitude  corresponds  to  0°*9  Centigrade  (1°'62  Fahr.)  ;  Asie  Cen- 
trale,  T.  iii.  p.  229. 

(0=)  p.  332.— Kosmos,  Bd.  ii.  S.  402,  Aum.  6  (Eng.  ed.  p.  ixvii.  Note  146). 

(^  p.  332. — Laplace,  Expos,  du  Systemc  du  Monde  (5eme  ed.)  p.  803, 
843,  403,  406,  and  408;  the  same  in  the  Connaissance  des  terns  poor  1811, 
p.  386  ;  Biot,  Traits  6\km,  d'Astr.  physique,  T.  i.  p.  61,  T.  iv.  p.  90-99, 
and  614—623. 

(*3<)  p.  333.— Garcilaso,  Comment.  Reales,  Parte  i.  lib.  ii.  cap.  22—26; 
Prescott,  Hist,  of  the  Conquest  of  Peru,  Vol.  i.  p.  126.  The  Mexicans  had 
among  their  twenty  hieroglyphic  signs  of  days,  one  whicli  they  held  in  par- 
ticuUr  hoQOur,  called  Ollin-tonatiuh,  or  "  that  of  the  four  motions  of  the 
Sun,"  and  which  was  prefixed  to  the  great  cycle  renewed  every  52=4x13 
years,  and  had  reference  to  the  Sun's  path  (expressed  hieroglyphically  by  foot- 
steps), intersecting  the  solstices  and  equinoxes.  In  the  finely  painted  Aztec 
mauuscript,  formerly  preserved  in  the  Villa  of  Cardinal  Borgia  at  Veletri,  and 
from  which  I  have  borrowed  much  important  information,  there  is  the  re- 
markable astrological  sign  of  a  Cross,  having  written  near  it  signs  of  day* 
which  would  designate  truly  the  passages  of  the  Sun  through  the  Zenith  of  the 
city  of  Mexico  (Tenochtitlan),  the  Equator,  and  the  Solstices,  if  the  points 
(round  disks),  appended  to  the  signs  of  days  on  account  of  the  periodical 
.  series  were  rqunlly  complete  in  all  the  three  passages  spoken  of.  (Humboldt, 
Vnes  des  CorJillcres,  PI.  xxxvii.  No.  8,  p.  164,  189,  and  237).  Nezahualpilli, 
King  of  Tezcuco,  who  was  passionately  devoted  to  the  observation  of  the  stars, 
had  erected  a  building  which  Torquemada  somewhat  boldly  terms  an  Astro- 
nomical Observatory,  and  of  which  the  ruins  were  still  seen  by  him.  (Mo- 
narquia  Indiana,  lib.  ii.  cap.  64.)  In  the  Raccolta  di  Meudoza,  we  see  the 
representation  of  a  priest  observing  the  stars ;  as  is  expressed  by  a  dotted 
line  going  from  his  eye  to  the  observed  star  (Vues  des  Cordilleres,  PI.  Iviii. 
No.  8,  p.  289.) 

(*^)  p.  335. — John  Herschel,  on  the  astronomical  causes  which  may  infla- 
ence  geological  phenomena,  in  the  Transact,  of  the  Geological  Society  of 
London,  2d  Ser.  Vol.  iii.  P.  i.  p.  298 :  the  same,  in  his  Treatise  of  Astro- 
nomy, 1833  (Cab.  Cyclop.  Vol.  xliii.)  §  315. 

(*^)  p.  336.— Arago,  in  the  Annuaire  pour  1834,  p.  199. 

(*^  p.  336.— "II  s'ensuit  (du  theoreme  dil  a  Lambert)  que  h  quantity  de 
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elialear  envoyee  par  le  Soleil  &  la  Terre  est  la  meme  en  allant  de  r^qninoxe 
du  priutems  k  i'^quinoze  d'automne  qu'cn  rcvenani  de  cclui-ci  au  premier. 
I^e  terns  plus  long  que  le  Scleil  emplole  dans  le  premier  trajet,  est  exaetement 
compens^  par  son  6'loignement  anssi  plus  grand ;  ct  les  quantites  de  chaleor 
qu'il  envoie  h  la  Terre  sent  les  memes  pendant  qu'il  se  trouve  dans  Tun  on 
Tantre  hemisphere,  boreal  on  austral." — Poisson,  sur  la  Stability  da  sjsteme 
plan^taire,  in  the  Connaiss.  des  tems  pour  1836,  p.  54, 

(MS)  p,  337, — Arago,  in  the  Annuaire  above  cited,  p.  200 — 204. 
L'excentricit^/'  says  Poissou,  in  the  Connaissance  des  Tems,  above 
cited,  pp.  88  and  52,  "ayant  toujours  et^  et  devant  toujours  de- 
meurer  tr^s  petite,  I'inilaence  des  variations  seculaires  de  la  quantity  de  cha- 
leor  solaire  re9ue  par  la  Terre  sur  la  temperature  moyenne  parait  aussi  devoir 
Hie  tres  limit^e. — On  ne  saurait  admettre  que  r^xcentricite  de  la  Terre,  qui 
est  actuellement  environ  un  soixantieme,  ait  jamais  ^te  on  devienne  jamais 
un  quart,  comme  ecUe  dc  Junon  on  de  Pallas." 

{^)  p.  888.— Outlines,  §  432. 

(*«)  p.  340.— The  same,  §  548. 

("')  p.  841. — Sec  in  !Madlcr*s  Astronomie,  S.  218,  his  attempt  to  deter- 
mine the  diameter  of  Yesia  (66  ?  German  or  264  ?  English  geographical  miles) 
with  a  magnifying  power  of  1000. 

("0  P*  842. — In  the  statement  formerly  made,  in  the  first  volume  of  this 
work  (p.  88-89),  the  equatorial  semi-diameter  of  Saturn  was  taken  as  the  basis. 

("3)  p.  342.— Compare  Kosmos,  Bd.  iii.  S.  281,  Engl.  ed.  p.  195. 

(*■")  p.  342. — In  the  Picture  of  Nature,  in  the  first  volume  of  Cosmos^  I 
have  treated  in  some  detail  of  the  Sun's  movement  of  translation,  S.  149-151 ; 
Eug.  ed.  p.  134—135.     (Compare  also  Vol.  iii.  S.  266,  Engl.  ed.  p.  181.) 


(^)  p.  345.— Kosmos,  Bd.  iii.  S.  389  and  411,  Anm.  19  and  20;  Engl, 
edit.  p.  378  and  379,  Notes  478  and  479. 

(*^  p.  345. — Compare  the  Observations  of  the  Swedish  mathematician, 
Bigerus  Vassenius,  at  Gothenburg,  during  the  total  solar  eclipse  of  the  2d  of 
May,  1733,  and  Arago's  comments  on  them  in  the  Annuaire  du  Bureau  des 
Longitudes  pour  1846,  p.  441  and  462.  Dr.  Gallc,  who  observed  on  the 
28th  of  July,  1851,  at  Frauenburg,  saw  the  "freely  suspended  small  cloud 
coiiuected  by  three  or  even  more  threads  with  the  hooked  or  curved  gibbosity." 

("7)  p.  345.— Compare  what  was  observed  on  the  8th  of  July,  1842,  by  a 
very  practised  obscrMT,  CajAaiu  Beiurd,  of  the  French  navy,  at  Toulon. 
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*'  II  vit  nne  bande  rouge  trk  miuoe,  dentel^  irr^ali^rement."   (Work  abo?e 
cited,  p.  416.) 

0*)  p.  846.»DariQg  the  total  solar  eclipse  of  the  8th  of  July,  1842,  this 
outUoe  of  the  Moon  had  been  distinct! j  perceived  by  four  observers :  sach  a 
drcomstance  had  never  been  described  as  having  taken  place  on  previons 
similar  occasions.  The  possibility  of  seeing  the  outer  contour  of  the  Moor 
appears  to  depend  on  the  light  given  by  the  third  outermost  solar  envelope 
and  the  corona.  "  La  Lnne  se  projette  en  partie  snr  Tatmosphere  dn  Soleil 
Dans  la  portion  de  la  lunette  oii  Timage  de  la  Lune  se  forme,  il  n'y  a  qne  Is 
Inmiere  provenant  de  Tatmosph^re  terrestre.  La  Lune  ne  foumit  rien  de 
sensible  et,  semblable  k  un  ^ran,  elle  arr^te  tout  ce  qui  provient  de  pins  loin 
ct  liii  correspond.  En  dehors  de  cette  image,  et  pr^sement  k  partir  de  son 
bord,  le  champ  est  ^clair^  h  la  fois  par  la  lomiere  de  Tatmosphere  terrestre 
et  par  la  lumihe  de  Patmosphhe  tolaire.  Supposons  que  ces  deux  Inmieres 
r^uoies  forment  un  total  pins  fort  de  ^  que  la  lumi^re  atmospherique  ter- 
restre, et,  des  ce  moment,  le  bord  de  la  lune  sera  visible.  Ce  genre  de  vision 
peut  prendre  le  nom  de  vmon  negatives  c*est  en  effet  par  une  moindre  ifUen- 
site  de  la  portion  dn  champ  de  la  lunette  oil  existe  Timage  de  la  Lune,  que 
le  contour  de  cette  image  est  aperfu.  Si  Timage  ^tait  plue  intense  que  le 
reste  du  champ,  la  vision  serait  positive."  Arago,  in  the  work  above  cited, 
p.  384.  (Compare  also  on  this  subject,  Kosmos,  Bd.  iii.  S.  70  and  114,  Anm. 
19 ;  Eogl.  ed.  p.  53,  and  Note  108.) 

(^9)  p.  346.— Kosmos,  Bd.  iii.  S.  383—886,  Eng.  ed.  p.  272—275. 

(^  p.  346.— Lepsius,  Chronologic  der  Aegypter,  Th.  i.  S.  92 — 96. 

(^1)  p.  346.— Kosmos,  Bd.  iii.  S.  469,  Anm.  13  ;  Eng.  ed.  Note  505. 

C**2)  p.  346.— Kosmos,  Bd.  ii.  S.  258,  Engl.  ed.  p.  222. 

(M3J  p  g^rjf — Lalaiide,  in  the  Mem.  de  TAcad.  des  Sciences  pour  1766, 
p.  498 ;  Delambre,  Hist,  de  TAstr.  ancienne,  T.  ii.  p.  320. 

(*^)  p.  347.— Kosmos,  Bd.  iii.  S.  468 ;  EngL  ed.  p.  cvii. 

("*)  p.  347. — On  the  occasion  of  the  transit  of  Mercury  of  the  4th  of  May, 
1832,  Madler  and  Wilhelm  Beer  (Beitrage  zur  phys.  Kenntniss  der  himm- 
lischen,  Korper,  1841,  S.  145),  found  the  diameter  of  the  planet  583  German, 
or  2332  English  geographical  miles ;  but  in  the  edition  of  his  Astronomies 
published  in  1849,  Madler  preferred  Bessel's  result. 

(^  348.— Laplace,  Exposition  du  Syst.  du  Monde,  1824,  p.  209.  The  cele- 
brated  author  himself  confessed,  however,  that  he  had  based  his  determination 
of  the  mass  of  Mercury  on  the  "  hypothese  tres  pr^aire  qui  suppose  les 
densite's  de  Mercure  et  de  la  Terre  reciproques  a  leur  moyenne  distance  do 
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SoleiL"  I  have  not  thought  it  necessary  to  notice  either  the  supposed  moun- 
tain ranges  of  58,000  feet  high  which  Schroter  imagined  himself  to  have 
measured  on  Mercury's  disk,  the  existence  of  which  was  already  douhted  hy 
Kaiser  (Sternenhimmell,  1850,  §  57) ;  or  Lemonnier's  and  Messier's  state- 
ment (Delambre,  Hist,  de  T Astronomic  an  18eme  siecle,  p.  222),  of  the 
visibility  of  an  atmosphere  of  Mercury  during  the  planet's  transit  across  the 
Sun's  disk ;  or  the  suppositions  of  trains  of  clouds  passing  over  the  planet, 
and  transitory  obscurations  of  its  surface.  During  the  transit  of  Mercury 
which  I  observed  in  Peru  on  the  8th  of  November,  1802, 1  paid  great  atten- 
tion to  the  sharpness  of  the  outline  of  the  planet  during  the  emersion,  but  I 
did  not  remark  anything  resembling  an  envelope. 

(^0  P'  848. — "  The  part  of  the  orbit  of  Venus  in  which  the  planet  may 
appear  to  us  the  brightest,  so  that  it  can  be  seen  with  the  naked  eye  at  noon, 
is  situated  intermediately  between  the  inferior  conjunction  and  the  greatest 
digression,  near  to  the  latter,  and  nearly  40  degrees  from  the  Sun,  or  from 
the  place  of  the  inferior  conjunction.  On  a  mean  or  average,  Venus  appears 
to  ns  most  bright  and  beautiful  when  distant  40°  east  or  west  of  the  Sun, 
when  her  apparent  diameter,  which  at  the  inferior  conjunction  may  increase 
to  66",  is  only  about  40",  and  when  the  greatest  breadth  of  the  illuminated 
portion  scarcely  measures  10".  The  nearness  of  the  Earth  then  gives  to  the 
narrow  bow  a  light  so  intense,  that,  in  the  absence  of  the  Sun,  it  even  casts 
■hadows."  (Littrow,  Theorische  Astronomic,  1834,  Th.  ii.  S.  68.)  "Whether 
Copernicus  predicted  the  necessity  of  a  future  discovery  of  the  phases  of 
Yenus  (as  has  been  repeatedly  stated,  in  Smith's  Optics,  Sect.  1050,  and  in 
several  other  books),  has  recently  been  shewn  by  Professor  De  Morgan's  more 
exact  examination  of  the  work  De  Revolutionibus,  as  it  has  come  down  to  us, 
to  be  extremely  doubtful.  (See  the  letter  of  Adams  to  the  Kev.  K.  Main,  dated 
7th  Sept.  1846,  in  Rep.  of  the  Royal  Astron.  Soc.  Vol.  vii.  No.  9,  p.  142. 
Compare  also  Kosmos,  Bd.  ii.  S.  362 ;  Eng.  ed.  p.  321.) 

(SM)  p.  350.--Delambre,  Hist.de  I'Astr.  au  18eme  siecle,  p.  256—258. 
Bianchini's  result  has  been  defended  by  Hussey  and  Flaugergues  :  Hansen, 
whose  authority  stands  justly  so  high,  up  to  1836  also  regarded  it  as  the 
more  probable. 

(^  p.  350. — Arago,  on  the  remarkable  Lilienthal  observation  of  the  12th 
of  August,  1790,  in  the  Annuaire  for  1842,  p.  539.  "  Ce  qui  favorise  aussi 
la  probabilite  de  I'existence  d'une  atmosphere  qui  enveloppe  Venus,  c'est  le 
resultat  optique  obtenu  par  I'emploi  d'une  lunette  prismatique.  L'intensite 
de  la  lumi^re  de  I'interieur  du  croissant  est  sensiblemcnt  plus  faible  que  celle 
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det  points  sitaes  dans  la  partie  eirciilaire  da  diaque  de  la  planete."    (Ango^ 
llanii8criptsofl847). 

C")  p.  850. — ^^Qbelin  Beer  nnd  B^dler,  Beitrage  znr  phydschen  Kennt- 
naa  der  hnnmlisdieii  Korper,  S.  148.  The  so-called  satellite,  or  moon 
of  Tenos,  which  Fontana,  Bominiqae  Cassioi,  and  Short,  thought  they  had 
neognised,  for  which  Lambert  computed  tables,  and  which  was  said  to  hsve 
Wen  seen  at  Crefcld  (Berliner  Jahrbnch,  1778,  S.  186),  fully  three  hoon 
after  the  emersion  of  Venns,  in  the  iciddle  of  the  San's  disk,  belongs  to  the 
astixmomical  myths  of  an  uncritical  period. 

(«)  p.  S50.— Philoa.  Transact  1795,  Vol.  Ixxivi.  p.  214. 

(**0  P-  S52.— Kosmos,  Bd.iiLS.10S  and  18S,  Anm.  73  ;  Engl.  ed.p.8i 
and  Note  162. 

^^  p.  S52. — **  La  lomi^  de  la  Lone  est  jaime,  tandis  que  celle  de  V^os 
est  Uandie.  Pdidant  le  jonr  la  Lane  parait  blanche  parceqn'iL  la  lomiere 
da  difqne  lanaire  se  mele  la  himiere  Ueae  de  cette  partie  de  I'atmosph^ 
qoe  la  lunuere  janne  de  la  Lone  traTcrse."  (Arago,  in  MSS.  of  1847.)  The 
rcfrangiUe  coloars  in  the  spectrum,  those  from  blue  to  violet,  unite  io 
to  fenn  white  with  their  ooraplementaiy  colours,  the  less  refrangiUe 
finom  red  to  green.  (Kosmos,  BJ.  iii.  S.  809,  Anm.  19 ;  Engl.  ed.  p. 
hxrii.  Xote  847.) 

(*^)  p.  858. — Forbes  on  the  Refraction  and  Polarisation  of  Heat,  in  the 
THnsactions  of  the  Roril  Soc.  of  Edinburgh,  Vol.  xiii.  1836,  p.  131. 

(^  p.  854. — Lettrc  de  Mr.  Melloni  u  Mr.  Arago  sur  la  Puissance  calori- 

fiqae  de  !i  Lnmim  de  la  Lane,  in  the  Comptes  rendus,  T.  xxii.  1846,  p. 

MI — 544.     Coaapare  also,  for  the  historical  statements,  the  "  Jahresbericht 

de?  ;^rsDaIl5chec  Gescllschaft  zn  Berlin,"  Bd.  ii.  S.  272.     It  has  always  ap- 

pea?ec  lo  ra<  r&iher  mnarkahle  that,  from  the  earliest  times,  when  warmth  was 

cc>r  3(C<T=ii:a«d  by  the  feelings,  the  Moon  first  gave  rise  to  the  idea  that  light 

a»i  «irs:h  mi^t  be  fooad  separated.    Among  the  Indians,  the  Moon,  re- 

ipiri3«d  a>  ibe  Kinr  of  the  Stars,  is  snmamed  in  Sanscrit  the  "  cold"  Csitala, 

V.»s>  a:i>3  a2»  the  c>:dd-darting  oreold-radiating  (himftn'su)  ;  while  the  Sod, 

w^h  ^  xatry  nys  depicted  as  hands,  is  termed  the  "  Creator  of  Heat" 

\T>ditj^tViv*it'^      The  spots  on  the  Moon,  in  which  western  nations  thooght 

1^  <vNui  s&abr  (4:1  a  iac<p,  represent,  in  the  riew  of  the  In  Hans,  a  roebock 

wr  JL  Y*re  ;  tejw  the  Sanscrit  names  of  the  Moon  "  Roe-bearer"  (mrigadhara) 

.V  -"  H JC«^i««Lr^''  v*»  aWiritV    (SAuti, «  Fire  Cantos  of  the  Bhatti-Karja," 

1:^$T,  ;^  1^— d8.>    I^e  Greeks  compltined  ^  that  the  light  of  the  Sud,  re- 

''^v^l  ><y  1^  Mmo.  k>i«s  all  heat,  so  that  only  feeble  remains  thereof  come 
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to  UB."  (Plutarch,  in  the  CouveraBtion  "  de  facie  qua  in  orbo  Luna;  npporet," 
MoraliB  id.  Wytlenbooh.  T.  iv.  Oion.  1707,p.  793.)  In  Mocrobiua  (Comm. 
iu  Somoiuni  Seip.  i.  19,  ei  LuJ.  Janus,  ISIS,  p.  105)  it  is  snid  ;  "Luna 

Ipecnli  instu' Iiimea  quo  illuBtrntur ruraug  cmillit  miUam  (amea  nd  nog 

p«rriireDtem  Boiisam  catoris:  quia  IucIb  radiuB,  oum  ad  noa  dc  origine  ina,  id 
est  di  Sole,  pervcnit,  naturam  aecum  ij;LiiB  dequo  naBciturdevehit;  cum  Ten 
Id  laiiie  corpns  iafunditur  et  indc  r«Bpleudet,  aolsm  reCundil  claritntim,  uon 
o&Ictrem."  (So  also  Macrob.  Satum^.  lib.  vii.  cop.  ID,  nl.  Bip.T.ii.  p.3TT') 
C")  p.  354.— Miidier,  Aatr.  §  IIB. 

(^  p.  SSS.^See  Lambert,  "  Bur  !a  Lnmiire  ceadt^e  da  la  Lunu,"  Ju  (be 
Mem.  del'Acod,  dc  Berlin,  Anuc'e  1778,  ]i,  16  ;  "  la  Torre,  vuedea  planStes, 
punrm  paroltre  d'utifi  lumicre  vardAtre,  a  pen  pr^  coinme  Mara  nous  potoit 
d'une  couleiir  rougeHtre."  We  do  not  mrsn  b;  (Lis  to  agree  >u  far  wilb  Ihat 
iDgenioiis  writer  ai  to  lumiiaG  that  the  planet  Mara  a  covered  with  ■  red 
aUnn  like  the  rosB-coloured  IiubIih  a!  the  BougaiDiillffiB.  (ITuntboldt 
:hten  der  Nalur,  Bd.  ii.  S.  334 ;  Engl.  ed.  "  ABpeets  or  Nature  in  DU- 
;  Lands  and  Da'erent  Climate!,"  Vol.  li.  p.  279.)  "  In  middle  Europe, 
the  Mood,  a  short  time  iefore  new  mma,  Btanda  in  the  morning  faours 
1  esBtern  aliy,  it  receirea  the  Earth-light  princiFallf  from  the  great 
ms  and  plains  of  Asia  and  Africa;  but  when,  q/ter  the  time  of  new 
,  it  standi  in  the  evening  in  the  western  sky,  it  can  only  rcn^ive  the 
fainter  reflection  coming  from  the  narrower  American  coQtinent,aDd  princlpatlj 
firom  the  nide  eipsnse  of  ocean."  (Wilhclm  Beer  nad  Miidler,  der  ttood 
kntmischen  Verhaltnissen,  i  106,  S.  153.) 
C^)  p.  356.  —  Scanco  de  I'Acaile'mie  dcs  Sciences  le  E  nodt  1S33; 
"Mr.  Arago  eignale  la  compariuBon  de  t'intcnslL^  Inmineuie  de  la  portion 
la  Lime  qiiu  les  rajons  soluirea  ccluircut  directcmcnt,  avec  celle  de  la 
rtie  du  mSme  astre  qui  revolt  eculemeat  lea  rajuna  rfflecbls  par  la  Terre. 
XI  eroit  d'apris  lea  eip(!ricneea  qii'il  a  dejs.  lentecs  ii  cct  ^gard,  qn'oa  pourm, 
av'i  dea  inalnimena  pcrfectioonfs,  saiBLi  dans  la  lamHre  ceniir^e  Ici  iiSer- 
euo. .  de  Teclst  plus  on  muins  nnageni  do  I'atmoaphiro  de  noire  globe.  11 
o'eat  done  pas  impossible,  maigrS  l«ul  ce  qu'uu  pareil  r^Bultat  eidterait  do 
surpriM  au  |>renuer  conp  d'tcil,  qu'un  jour  lc»  mfleoroIogialBB  aillent  puiser 
dana  I'Bipeet  dt  laLune  dej  notiona  pr^eieuBes  sur  r^talma^ts  de  diaphaniie 

tia  ratmoiphBre  lerresire,   daaa  lea  heniiaplicrea  qui  )uclie9aivemcDt  con- 
Wurent  li  la  product  ion  de  la  inmii^re  eendrfo." 
C")  p.  365.— Ventori,  EaBai  lUT  lea  Outrages  de  Leonard  ds  Vind,  ITUI 
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(*'")  p.  855.— Kepler,  Panlip.  vel  Astronomie  pars  Optica,  1604,  p.  297. 

(*'*)  P-  ^•^^' — "  ^"  coucoit  qne  la  vivarite  de  la  lami^re  rouge  ne  depend 
pes  TiDiqueinent  de  I'ctat  de  ratiiiosphere,  qui  refracte,  plus  on  moins  afiaiblis, 
ks  rayons  solaircs,  en  les  iuflechissant  dans  le  o6ne  d'ombre,  mais  qn'dle  est 
modifi^  snrtont  par  la  transparence  variable  de  la  partie  de  ratmorobere  a 
trsTers  laqnelle  nons  apercerons  la  Lnne  ^lips^.  Sons  les  tropiques  one 
f^rand  s^r^nit^  do  ciel,  une  dissemination  nuiforme  des  vapenrs,  dimianent 
rextinction  de  la  lumiere  qne  le  disqne  Innaire  nons  renvoie.*'  (Humboldt, 
Voyage  anx  Regions  equinoziales,  T.  iii.  p.  544 ;  and  Becneil  d'Obserr.  astro- 
iiomiqnes.  Vol.  ii.  p.  145.)  Arago  remarks  :  '*  lies  rayons  solaires  arrivent 
k  notre  satellite  par  Teflet  d'une  refraction  et  ii  la  suite  d'une  absorption  dans 
les  conches  les  plus  basses  de  Tatmosphere  terrestre ;  pourroient-ils  avoir  nne 
autre  teinte  qne  le  rons;e  ?'*     (Annuaire  pour  1842,  p.  528.) 

(^^  p.  856. — Babinet  explains  the  redness  as  a  consequence  of  diffraction, 
in  a  notice  on  the  different  portions  of  white,  blae,  and  red  light,  produced 
when  there  is  inflexion.  See  Babinei's  considerations  on  the  total  eclipse  of 
the  Moou  on  the  19th  of  March,  1848,  in  Moigno's  Repertoire  d'Optiqae 
modcme,  1850,  T.  iv.  p.  1656.  "La  lumiere  diffract^e  qui  p^netre  dans 
I'ombre  de  la  terre,  pr^domine  toigours  et  m^me  a  ete  seule  sensible.  Elle 
est  d'autant  plus  rouge  on  orangee  qu'elle  se  trouve  plus  pres  du  centre  de 
I'ombre  georndtrique ;  car  ce  sont  les  rayons  les  moins  refrangibles  qui  se 
propagent  le  plus  abondamment  par  diffraction,  a  mesure  qu'on  s'eloigne  de 
la  propagation  en  ligne  droite."  The  phsenomena  of  diffraction  take  place  in 
vacuo  Iso,  according  to  the  ingenious  investigations  of  Magnus,  on  the  occa- 
sion ot  a  discussion  between  Airy  and  Faraday.  On  explanations  by  diffirac- 
tion,  see,  generally,  Arago  in  the  Annuaire  pour  1846,  p.  452 — 455. 

(*73)  p.  357. — Plutarch  (de  facie  in  orbe  Lunse),  Moral,  ed  Wyttenb.  T.ir. 
p.  780 — 783  :  "  The  fiery  coal-glowing  {hv^pcueutiins)  colour  of  the  darkened 
Moon  (about  the  hour  of  midnight)  is,  as  mathematicians  maintain,  by  no 
means  to  be  regarded,  seeing  that  the  change  is  from  black  to  red  and  blueish, 
as  belongins;  to  the  earthy  surface  of  that  body."  Dion  Cassius,  also  (Ix.  26 ; 
ed  Sturz,  T.  iii.  p.  779), — who  had  besides  occupied  himself  in  much  detail  with 
the  subject  of  lunar  eclipses,  and  with  the  remarkable  edicts  of  the  Emperor 
Claudius,  in  which  the  dimensions  of  the  darkened  portion  were  announced 
beforehand, — calls  attention  to  the  great  alterations  in  the  colour  of  the 
Moon  during  the  conjunction.  He  says  (Ixv.  11 ;  T.  iv.  p.  185,  Sturz): 
**  Great  was  the  confusion  created  in  the  camp  of  Vitellius  by  the  eclipse  which 
took  place  that  night ;  yet  it  was  not  so  much  the  eclipse  itself — although  to 


Is  lircndy  disturbed  thit  might  appear  umiiiDUaof  mi^fjrluaB— as  it  vu 
the  ciromnsls^ice  of  tlie  Moon's  varyiug  culuura — bluuJ-red,  bliicli,  and  othec 
monmrul  bacB— whicb  liiled  their  souls  with  iineaay  appro  he  niiioua." 

(_«>)  p,  357.— Sehr<iler,  SeleootopograpliiBchE  Fragmente,  Th.  i.  1791,  S. 
688;Th.ii.  1803,  S.  52. 

C^^)  p.  357 • — Be&sel,  "  ubec  eine  angeDotnineae  AlmoBphiire  da  Moades," 
in  Scbiunacher'a  Aatron.  Nnchr.  No.  263,  S.  410—420,  Compare  also 
Beer  and  Mddlcr,  "derMond,"  i  S3  aud  107,  S.  133  and  153;  as  well  as 
Aiagp,  in  tlie  Aunuaire  tor  1846,  p.  340—353.  Tbe  argument  taken  from 
the  grcJter  or  less  distiDctness  with  which  the  smaller  features  of  tho  Moon's 
surface  eaa  be  reeotjuised,  m  otten  adduced  in  pruuf  of  tiic  reality  uf  a  luuar 
atiDoapliere,  aad  of  "  passing  luaac  mists  iu  the  valleys  of  the  Mood,"  ii  the 
most  uoteuable  a!  all,  eeeiiig  the  ehangea  coutiuuaUy  taking  place  in  (be 
upper  strata  of  our  own  otniosphera.  ConsiduraSions  respecting  the  shape  of 
anc  of  the  Moan's  hurna  in  the  soku-  cclipae  of  the  5th  of  September,  1T93, 
led  William  Uerscbcl  to  form  eicn  at  that  time  a  decided  apinion  asaviit  the 
hypothesis  of  a  Innar  atmosphere.     (Phil.  Traai.  Vol.  kiiii.  p.  167.) 

(»')  p.  358.— Midlor,  in  Schunmclicr's  Jahrbuch  fOr  1840.  S,  188. 

C")  p.  363.— Sir  John  Herschel  (Oiitliues,  p.  247)  calls  alltntion  to  the 
iinmersian  uf  double  stars,  ubieh,  from  the  great  proiimity  of  the  iudivi- 
duiis  of  whieh  they  consist,  cauuot  be  sepnraled  by  the  tcleacope. 

(WSJ  p.  358.— Plateau,  "  am-  I'lrradiatian,"  in  the  Mein.  de  I'Acad.  royals 
dea  Scieuces  et  Belles-Lettres  de  Eruielles,  T.  li.  p.  142  ;  and  "  Ergaozuags- 
band  (supplementary  tolume)  lu  Puggeadorff's  Aunalea,  1S42,  S.  7B— 128. 
193—232,  and  405—143.  '■The  phienomenon  of  irradiation  is  probably 
caused  by  the  stimulus  produced  by  light  extendiag  itself  uu  Ihereliua  a  little 
beyond  tlie  oiitlino  of  tlie  image." 

1}^  p.  358.— Ara^o.  in  tho  Comptea  ™ndu^  T,  viii.  1P39,  p.  713  nod 
6S3.  "  Lcs  phcuonienes  d'irradialion  sigualea  par  Mr.  Plalean  soul  regarda 
[mr  Mr.  Arago  comma  les  effcls  des  aberrations  de  rifrangibilile  et  de  sphe- 
ricite  de  I'teil,  combines  avec  riiidiatioction  de  la  vision,  cuusequence  des  cir- 
conatanecs  dsua  leujuclles  lea  obscrvileurs  se  aont  places.  Ues  mcsurcs 
taactca  priaea  aur  ilea  diaques  noira  a  fond  btnnc  et  dca  diaques  hlonos  i.  loud 
Doir,  qui  ctaient  placcb  au  I'aUis  dn  Luiemboiitg,  vitiblea  a  rokaervatoire. 
n'out  pas  iuJit[UB  les  cirt^ls  de  I'irrndistiau." 

("")  p.  35tf.— Plat.  Moral,  ed.  W;  .teub.T.  iv.  p.  786— 189.  The  shadow 
of  Muuut  Albas,  as  has  also  beau  remarked  by  the  tiiivcller,  Pierre  Beli>n 
(Obiervntiuns  di;  Siu^ulatitc's  iroLivces  en   Grsi  a.  As  e  etc.  1564,  livrc  i. 
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ehip.  25)  RMhed  te  \;ht  broken  figure  of  a  cow  on  the  mirket-pboe  of  Utit 
Untj  uf  Myriae  in  the  isUnil  of  Lemnos. 

(*"*)  p.  359. — For  endence  of  the  Tisibility  of  these  four  objects,  see  S. 
Ml,  838,  191,  and  290,  in  Beer  and  Midler's  '*  der  Mond."  It  is  scarce!/ 
necessarj  to  tell  my  readers  that  all  that  relates  to  the  topography  of  the 
Moon's  surface  is  taken  from  the  exeellent  work  of  these  my  two  Mends,  of 
one  of  whom,  Wilhelm  Beer,  we  have  to  lament  the  too  early  loss.  Tlie 
itndy  of  lunar  topography  will  be  facilitated  by  the  use  of  the  fine  map  in  a 
nngle  sheet  ("  UebersichUblatt"),  published  by  Madler  in  1837,  three  ycsis 
after  the  publication  of  the  larger  map  of  the  Moon  consisting  of  fonr  sheets. 

(W)  p.  359.— Hut  de  fiude  in  orbe  Lana,  p.  726—729,  Wyttrab.  The 
passage  is  at  the  same  time  not  withoot  interest  for  ancient  geography :  see 
Humboldt,  Examen  critique  de  THist.  de  la  O^ogr.  T.  i.  p.  145.  Bespectii^ 
other  opinions  of  the  ancients,  see  Anaxi^^oras  and  Bemocritus,  in  Pint,  de 
plac.  Fhilos.  ii.  25 ;  Parmenides,  in  Stob.  p.  419,  453,  516  and  568,  ed. 
Heeren ;  Schneider,  Edogte  physicse.  Yd.  i.  483 — 448.  (According  to  s 
▼ery  remarkable  passage  of  Plutarch,  in  the  life  of  Nicias,  cap.  42,  Anaxa- 
goras  himself,  who  termed  "the  mountainous  Moon  another  Earth,"  made  s 
drawing  of  the  Moon's  disk :  compare  also  Origenea,  Philosophumena,  cap.  8, 
ed.  Mullen,  1851,  p.  14.)  I  was  once  very  much  astonished  to  hear  a  nrj 
accomplished  Persian,  of  Ispahan,  who  had  certainly  never  read  a  Greek  book, 
to  whom  I  was  shewing  in  Paris  the  spots  on  the  Moon's  fare  through  a  lai^e 
telescope,  propound  the  same  hypothesis  of  reflection  a^  chat  of  Agesianax, 
referred  to  in  the  text,  as  prevalent  in  his  own  country.  "  It  is  oursdves 
that  we  see  in  the  Moon,"  said  the  Persian,  "  that  is  the  map  of  our  Earth." 
One  of  the  interlocutors  in  Plutarch's  Conversation  on  the  Moon  would  not 
have  expressed  himself  otherwise.  Human  beings  in  the  Moon,  if  we  coald 
imagine  such  to  exist  in  the  absence  of  air  and  water,  would  see  the  rotating 
Earth  with  her  spots  suspended  like  one  of  our  '*  Mappe-mondes,"  or  **  Maps 
of  the  World,"  against  a  sky  almost  black  in  the  day-time,  occupying  a  space 
fourteen  times  larger  than  that  which  the  full  moon  covers  to  our  eyes,  and 
always  in  the  same  place.  The  study  of  geography  would,  however,  be  some- 
what impeded  by  our  atmosphere  with  its  continued  variations  dimming  and 
confusing  the  outlines  of  the  continents.  Comjiare  Madler's  Astr.  S.  169; 
and  Sir  John  Herschel's  Outlines,  $  436. 

O  p.  361.— Beer  und  Madler,  S.  273. 

(***)  p.  362.— Schumacher's  Jahrb.  fiir  1841,  S.  270. 

W  p.  863.— Madler,  Astr.  S.  166, 
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C»)  IJ,  afi3.— Tlitliiirhcsts«tnnjiUflhsHima]aj-Fia,— and.ancorclidglDpar 

liment  knowledge,  the  liighest  on  tlie  surface  ot  the  eartb, — Kmcbin-JQnga, 

i^  Bccording  to  Waugh'i  recent  raeasurBiinenl,  1108  toises,  or  38178  English 

leel  high  (I'lS  Geruiongeo^pbitnilmi^e  ^  4*61  English geagr.  milea) ;  while 

tin  bigbeit  sommit  among  the  lunar  monntsins  is.  accordiag  to  Madler, 

KOO  toiaes,  or  es^actly  one  German  geographical  mile.     The  diimeter  of  the 

oon  ia  454,  and  that  of  ths  Earth  1718  German  geographical  miles,  whence 

B  ratioB  of  the  highest  summits  to  the  liismetera  are  in  the  case  of  the 

ooQ  rh'  '"^  '°  ^°t  of  ^^^  ^Brtl'  T^- 

('*')  p.  3fl4,— See  for  the  aii  elevation?  which  exceed  3000  toisel,  Beer 

nod  Madler,  S.  99,  135,  231,  MS,  330,  and  331. 

(^  p.  366.— Robert  Hooke,  Micrographia,  1607,  Obs.  li.  p.  242—246. 
"TbesB  «eem  to  me  to  have  been  the  effects  of  some  motions  within  the  body  of 
the  Mddh,  aadugouB  to  our  earthquakes,  by  the  eruplion  of  which,  aa  it  haa 
Uirown  uji  a  brim  or  rid^  round  about,  higher  than  (be  ambient  inrfaoe  of 
the  Mood,  so  has  it  left  a  bola  or  depresjion  in  the  middle,  proporlionablj 
lower,"      Ilooke  sajs  of  hia  eiperiments  with  "bojUng  alabaBtar," -that, 
"prBBBiilly  ceasing  to  boyi,  the  whole  surface  will  appear  all  over  covered 
with  small  pita,  eiactly  ihapud  like  the^c  of  the  Moon,- The  earthy  part  of 
the  Moon  baa  been  undermiued  or  heaved  up  by  eruptions  of  lapours,  and 
the  aame  kind  of  ligured  holes  cs  the  ponder  of  alabaater.      It  is 
improbable,  also,  that  there  may  be  generated,  within  the  body  of  the 
in,  divers  such  kindof  inifenia!  Sres  and  heats  as  may  produce  eihalations." 
(»)  p.  3flB.— Kosmoa.  Bd.  ii.  S.  B08,  Aum.  13  ;  Eng.  ed.  p.  d».  Note  133. 
("^  p.  366.- Beer  uod  Madler,  S,   129.      Ptolemy  has  a  diameter  o( 
B6  En^liah  geographical  milee,  and  Alphonso  and  Hipparchus  ^6  anch  miles. 
C")  p.  3G7.— Arzachel  and  Hercules  form  eiceptions :  the  Erst  has  a  crater 
at  the  lummit,  and  the  secund  a  lateral  crater.    These  geologically  impor- 
tant  pointa  deserve  fresh   eiaminslioii   with  more    perfect    instmmcntr. 
(Schrolw,  Sclenotopographiicho  Fragmenle,  Th.  ii.  tab.  41  and  88,  fig.  33.)  Of 
formiDg  aecumulations  in  Ion  depiessiona,  nothing  has  yot  bsea 
irred.     The  rays  which  proceed  in  three  direntiona  from  Ariatotle  are 
hilla.    (Beer  und  MaiUcr.  S.  230.) 
(H^  p.  367.— Beer  iind  Miiiller,  S.  ISl  ;  Arago.inthe  Annuaire  forlSiS^ 
(Compare  alio  Immanuel  Kant,  Sehriflen  der  phyaiachen  Geographic 
1839,  S.  393 — 102).      Recent  mere  careful  and  full  eiaminutioo  has  givea 
reason  to  believe  that  the  obsertnl  lempociiry  alteratious  ou  the  Moon's  snr- 
(the  appcarence  of  new  ceulraJ  mauulidos  lu  J  craters  b  the  Mare  Criiinm, 
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and  in  Hevelius  and  Cleomedes),  are  to  be  attributed  to  an  illarion  similar  to 

that  which  occasioned  the  belief  in  volcanic  eruptions  visible  to  os  in  the 

Hoon.     See  Schroter,  Ssleuotopogr.  Fragm.  Th.  i.  S.  412 — 523 ;  Th.  it 

S.  268 — 272.    The  question,  what  are  the  smallest  objects  whose  height  and 

other  dimensions  can  be  measured  in  the  present  state  of  our  instminentil 

means,  is  one  to  which  it  is  difficult  to  give  a  general  answer.     We  fiad  in 

Dr.  Robinson's  account  of  J  *rd  Rosse's  magnificent  reflector,  that  in  it  an 

extent  of  80  to  90  yards  can  be  recognised  with  great  clearness.    Midler 

reckons  that,  in  his  observations,  shadows  of  3  seconds  were  still  measurable, 

which,  under  certain  suppositions  respecting  the  situation  of  the  mountain 

and  the  height  of  the  Sun,  would  correspond  to  an  elevation  of  120  French 

(128  English)  feet ;  but  he  notices  at  the  same  time  that  the  shadow  must 

have  a  convenient  breadth  in  order  to  be  appreciable,  or  even  visible.    The 

shadow  of  the  Great  Pyramid  of  Cheops  would,  according  to  the  known 

dimensions  of  that  monument,  be  scarcely  one-ninth  of  a  second  in  breadth, 

even  at  its  widest  part,  and  would  therefore  remain  invisible  (Miidler,  in 

Schumacher's  Jahrbuch  for  18il,  S.  264).    Arago  reminds  his  readers,  that, 

with  a  magnifying  power  of  6000  (which,  besides,  could  not  be  applied  to 

the  Moon  with  a  proportionally  successful  result),   the  mountains  of  the 

Moon  would  appear  of  the  size  of  Mont  Blanc  seen  with  the  naked  eye  from 

the  Lake  of  Geneva. 

(^)  p.  367.--The  "rills"  are  not  numerous;  they  are  at  most  100  or  120 
miles  long ;  sometimes  forked  (Gassendi),  rarely  resembling  veins  (Tries- 
neck  er),  always  shining ;  do  not  run  across  the  mountains ;  are  peculiar  to  the 
flatter  districts ;  do  not  become  either  broader  or  narrower,  and  have  nothing 
marked  about  their  extremities.    Beer  und  Madler,  S.  131,  225,  and  249. 

(***)  p.  368. — See  my  description  of  the  "  Nocturnal  Life  of  Anitnala  in 
the  Primeval  Forests,"  in  the  Ansichten  der  Natur  (3te  Ausg.),  Bd.  i.  S.  334; 
Aspects  of  Nature  in  Different  Lands  and  Different  Climates,  VoL  i  p.  270. 
Laplace's  speculations  (I  am  unwilling  to  apply  to  them  a  different  term) 
on  the  manner  in  which  he  supposes  perpetual  moonlight  might  have  been 
ensured  (Exposition  du  Systeme  du  Monde,  1824,  p.  232),  have  been  refuted 
in  a  memoir  by  Liouville,  '*  Sur  un  cas  particulier  du  probleme  des  trois 
corps."  "  Quelques  partisans  des  causes  finales,"  said  Laplace,  "  ont  imagine 
que  la  lune  a  ete  dounee  f^  la  terre  pour  I'^clairer  pendant  les  units;  dans  ce 
cas,  la  nature  n'aurait  point  atteiut  le  but  qu'elle  se  serait  propose,  puisque 
nous  sommes  souvent  prives  a  la  fois  de  la  lumi^re  du  soleil  et  de  oelle  de  la 
lone.    Pour  y  parvenir  il  edt  suffi  de  mettre  k  I'origine  la  lune  en  opposition 
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!C  le  solcil,  daas  le  plan  meme  &e  I'eclipIiqUF,  i  one  diitiDK  egale  >  la 
eentieiue  partie  de  ta  distince  de  U  tfm  bd  soleil,  et  ie  doiiQer  i.  la  luns  rt 
1  U  terrc  dee  vilejaea  parallelei  et  proporlioandlea  ■  teur^  distnnces  a  cc( 
utre.  Alors  la  lane,  sous  etase  ea  opposilioa  aa  soleil,  cut  decrit  autour  dc 
loi  une  ellipse  eemhiable  k  celle  de  U  terre;  ces  deni  istns  te  eer^enl 
•uccfde  I'au  !k  Taiitre  Enr  I'hariuiu ;  et  camme  a  cetle  distaaee  [a  Iiuie  u'efll 
point  et^  eclipsee,  u  lumiere  sucait  certidnemeat  remplacf  celle  du  soleil." 
lioaviUe  finds,  id  opposition  to  this — "que  si  la  lone  avail  ocpnpe  a  I'originB 
lapoailion  partiealiere  qne  riUustte  sutear  de  Is  Meaaijue  e»leite\m  asaigoe, 
eUs  n'aurut  pn  s';  munteoir  qae  peodont  no  terns  tres  court." 

[^)  p.  368.— Oa  the  transpoiiin;  poner  of  Tides,  see  Sir  Henry  De  U 
Beche,  Geological  Slannal,  1S33,  p.  111. 

ff)  p.  3G8. — Arago,  "SnrlaqnestiDn  de  Mfoir,  si  la  luneeicree  surDotre 

I        atmosphere  one  infitieoce  apprectabte,"  ia  the  Anonaire  poor  1B33,  p.  157 — 

^rttW.     The  prinFipal  aiitboiilies  are: — Scheibler  (Oatersaeh,   iiber  EinllusB 

^Kfaa  Mondes  anf  die  VoTi.nderangen  in  nawrer  Atmosphare,  1830,  S.  £0)  ; 

^^^Banger|{aeB(tn'Falj7eBrB'DbaervBliansat  Vivicrs)  ;  Bibl.  univereelle,  Sdeacea 

H«t  Arts,  T.  il.  1829,  p.  885—383 ;   aod  in  Ksslner'a  Archit  f,  die  get.  Na- 

tntlehre,  Bd.  ivii.  1829,  S.  32—50 ;  and  Eiseslohr,  in  Vug?.  Ami.  dec  Phjsik. 

Bd.  nxv.  ]83fi,  S.  111—160,  and  309-320.    Sir  John  llecsehel  eonaidera 

it  Tery  probable  that  ■  yerj  high  leioperalure  {much  above  the  boiling  poiol 

of  water)  prevails  on  the  surface  of  the  Moon,  nhicb  is  exposed  for  14  days 

tt^lher  la  the  anintGnnpted  and  uoioitigated  ioilacocD  of  the  Sun.     Tho 

Moon  must  hence,  when  in  oppoiilioo,  or  a  few  dajs  aftenvards,  be  in  some 

anall  degree  a  source  of  heat  lo  the  Earth  :  this  heat,  proceeding  from  a  body 

macli  belox  the  lemperalure  of  ignition,  cannot,  however,  reach  the  surface 

of  the  Earth  itself,  but  is  absorbed  in  the  upper  strata  of  our  atmosphere, 

where  it  ehanges  visible  clond  into  tranapareut  vapour.     The  phKoomenon  of 

the  rapid  ditpersion  of  clouds  by  the  full  Uooii,  whea  the  cloudy  cBii'i|iy  it 

not  too  dense,  is  regarded  by  Sir  Johu  irerscbcl  ss  a  "  meteorological  Cicl," 

which  (he  adds)  "  is  further  couermed  by  Humboldfa  own  oipcricucc,   and 

fay  the  very  general  belief  of  Spanish  mariners  in  the  American  Iropieal  seas." 

See  Keport  of  the  Fifteenth  Meeting  of  the  Britiali  Association  for  the  Advsnne- 

it  orScleuce,  1846,  Nolicea,  p.  fi;  and  Oatlinea  of  Aatronomy,  p.  261. 

p.  363.— Beer  uod  Modler,  Beftrege  znr  phys.lCenulnisadcs  Sonneu- 

i,  1841,  S.  113,   aus  Beobaehlungeu  von   1830  und  1B82;  MiiJier, 

omie,  1819,  S.  206.      The  first,  and  cousiderabh,  eorrcetion  of  the 

M  of  rotation  found  by  Doniiuiqae  Caaaini  (24  hoars,  "rO  miuutei),  wat  the 
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result  of  laborious  observations  by  William  Herschel  (between  1777  and  1781^ 
which  gave  24  hours,  39  minutes,  31*7  seconds*  Kunowsky  found,  in  1821, 
t4  hours,  36  minutes,  40  seconds,  which  is  very  near  to  Madler*8  result 
Gassini*s  earliest  observation  of  the  rotation  of  a  spot  of  Mars  (Delambre, 
Hist,  de  TAstr.  moderne,  T.  ii.  p.  694),  appears  to  have  been  made  soon  afUr 
the  year  1670 ;  but  in  the  very  rare  treatise  (Kern,  Diss,  de  ScbtillatioBe 
Stellarum,  Wittenb.  1686,  $  8).  I  find  Salvator  Serra  and  Father  ^din 
Franciscus  de  Cottignez,  Astronomer  of  the  Cullegio  Romano,  named  at  tlie 
discoverers  of  the  rotation  of  Mars  and  Jupiter. 

(^  p.  369. — Laplace,  Expos,  du  Syst.  du  Monde,  p.  86.     Schroter's  very 
imperfect  measurements  of  the  diameters  of  the  planet  gave  the  ellipticity  of 

Mars  as  only  ^. 

(«»)  p.  870.— Beer  und  Madler,  Beitrage,  S.  111. 

(«»)  p.  370.— Sir  John  Herschel,  Outlines,  §  510. 

(»i)  p.  370.— Beer  und  Madler,  Beitrage,  S.  11?— 125. 

(*«)  p.  870.— Madler,  in  Schumacher's  Astr.  Nachr.  No.  192. 

(flos)  p,  871.— Kosmos,  Bd.  iii.  S.  427—429;  Engl.  ed.  p.  804— 801 
Compare  also,  for  what  has  been  said  in  the  present  volume  respecting  the 
chronology  of  the  discoveries  of  the  small  planets,  S.  426  and  460 ;  Engl.  ed. 
p.  303  and  338  ; — respecting  the  proportion  of  their  magnitudes  to  that  of 
meteoric  asteroids  or  aerolites,  S.  432 ;  Engl.  ed.  p.  809 ; — and  respecting 
■  Kepler*s  conjecture  of  the  existence  of  a  planet  in  the  great  planetary  gap 
between  Mars  and  Jupiter  (a  conjecture  which  yet  was  by  no  means  the 
occasion  of  the  discovery  of  the  first  discovered  of  the  small  planets,  Ceres), 
S.  439—444,  and  Anm.  81—33,  S.  483  ;  Engl.  ed.  p.  317—322,  and  Notes 
523 — 525,  p.  cxix. — cxx.  The  bitter  censure  which  has  been  expressed  against  a 
highly  esteemed  philosopher, — "  because  at  a  time  when  he  might  indeed  have 
known  Piazzi's  discovery  for  five  months,  but  did  not  know  it,  he  denied,  not 
so  much  the  probability,  but  rather  only  the  necessity,  of  there  being  a  planet 
situated  between  Mars  and  Jupiter," — appears  to  me  but  little  justified. 
Hegel,  in  his  Dissertatio  de  Orbitis  Plauetarum,  written  in  the  spring  and 
summer  of  1801,  discusses  the  ideas  of  the  ancients  respecting  the  distances  of 
the  planets ;  and  in  remarking  the  series  of  which  Plato  speaks  in  the  Timiens 
(p.  35,  Steph.)  :  1^2.3.4.9.8.27....  (compare  Kosmos,Bd.iii.S.  477, 
Anm.  21 ;  Engl.  ed.  p.  cxv.  Note  513)  says,  he  denies  the  possibility  of  a  gap. 
He  says  merely,  *  Qusc  scries  si  verier  natura  or  do  sit^  quam  arithmetics 
progressio,  inter  quartum  et  quiutura  locum  magnum  esse  spatium,  ncque  ibi 
planetam  desiderari  apparet"  (Hegers  Werke,  Bd.  xvi.   1834,  S.  28 ;  and 
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"Lebea  vonRoacuLouii,"  1814,  S.  151).  Kant,  in  hU  Satoi- 
geidiichLc  ded  Hiuimds,  1T55,  merely  deeua  that,  in  tbe  formatiaa  of  th* 
plaacU,  Jupiter,  bf  its  eaoraioua  force  of  atttacLiaa,  uccaaioned  the  smoUueas 
of  Mart.  Ill  mentioca  odI;  oace,  aad  tLeu  iu  a  tec;  iudcfiuite  moDner, 
"  the  members  uf  the  solar  system  wbioh  are  far  asuudur,  aiid  between  whieli 
the  iulermediate  parts  hare  uat  yet  been  discovered; — Glieder  dea  Sannen- 
wEtt  VDueinaiider  abslehea,  uad  snischen  deaca  man  die  Zmiscben- 
tlieile  aoch  aicht  entdcckt  lint"  (Immauuul  Kent,  Sammtliehe  Werke,  Th.  vi. 
1839.  S.  87,  110,  BDd  196). 

(™)  p.  3J3. — Itcapccting  tho  influence  of  improve  atar  mapa  on  the  dii> 
oorery  of  the  email  plaoeta,  see  Kosmsa,  Bd.  iii.  S.  156  and  196 ;  Eogl.  ed. 
f.  93  aud  99. 

(™)  p.  3T2, — S'Arrest  uber  das  System  der  kleineu  Plsneten  iwisohea 
^lars  and  Jupiter  (D'Arreat  on  the  System  of  tlie  Smali  Fianels  betireea 
Uus  and  Jupiter},  1S51,  S.  8. 

^  p.  372.— Koamos,  Bd.  iii.  S.  42S  and  4Sfi  ]  Engl.  ed.  p.  303—306, 
md  333— S34. 
("^  p.  371.— Benjaimn  Abtborp  Gould  (now  at  Cambridge,  MiuaachuselU, 
'  U.S.),  UatersuchuDgen  iibcr  die    gegenseltige  Lagc  der  Bahnen  zwisehen 
.Mais  und  Jupiter  [Invealigationa  reapeeting  the  Positions,  relative  to  each 
,'Other,  of  the  Orbits  belweeu  Mars  and  Jupiler},  1S43,  8.  9— IS. 
("^  p.  874.— D'Arrfst,  work  above  cited,  B.  30. 
("^  p.  374-— Zach,  MonaU.  Corrcap.  Bd.  vi.  S.  88. 
(■"0  p.  376.— GsuBS,  in  the  aame,  Bd.  ixvi.  S.  299. 
(^')  p.  375.— Mr.DanielKirkvtood  (of  tbePutlsville  Academy)  hus  thought 
It  possible  to  uodertake  tbe  hypothetical  rccouslruclion  uf  the  original  shattered 
planet  from  the  surviving  fragments,  after  the  manner  followed  in  regard  lo 
of  eitinct  animola.     He  aasigna  to  tbe  ])lanet  a  diameter  larger 
than  Mara  (more  than  1080  German,  4320  English,  geognphical  milea),  and 
■  [otnlion  sloAcr  than  tbal  of  any  other  planet,  making  the  length  of  ilE  day 
B7t  hours  (Kep.  of  the  British  Assoc.  1 850,  p,  luv.) 

(°'^  p.  376.^Beer  und  Mildlcr,  Beitriige  lur  phys.  Kennluiss  der  himml. 
Korper,  S,  104 — lOG.  Older  and  more  uncertain  obaervations  of  Hussey 
^.  Laplace  (Syst,  du  Monde,  p.  206)  Gads  theoretically,  with 
increaalug  denailf,  of  the  strata,  betneen  ^  aud  -^ 

Op  816.— Newton's  immurlal  nork,  Pblloaophia  NatnnJis  Priudpid 
Mathemstica,  was  published  in  May  1687,  aud  the  Memoirs  of  the  I'ani 
Addemy,  coatuuing  the  notice  of  Caisini's  determination  of  the  cUiplicily 
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(^),  did  not  appear  until  1691 ;  so  that  Newton,  who  might  oertahily  hat 
known  Richer's  pendoliun  experiments  at  Cayenne  firom  the  Voyage  printed 
in  1079,  must  have  been  informed  of  the  figure  of  Japiter  by  verbal  commtt- 
nication,  and  by  the  correspondence  by  letter  which  was  then  carried  on  with 
80  much  activity.  On  this  subject,  and  on  Huygens'  only  apparently-early 
knowledge  of  Richer's  pendulum  observations,  see  Kosmos,  Bd.  i.  S.  420, 
Anm.  99 ;  Engl.  ed.  p.  xlii.  Note  129 ;  and  Bd.  iu  S.  520,  Anm.  2 :  EogL 
ed.  p.  czzv.  Note  542. 

(*")  p.  376. — Airy,  in  the  Mem.  of  the  Boyal  Astron.  Society,  Vd  ix. 
p.  7  ;  Vol.  X.  p.  43. 

(««)  p.  377.— Still  in  the  year  1824.  (LapUce,  Expos,  du  Syst.  da 
Monde,  p.  207). 

O  p.  377— Delambre,  Hist,  de  TAstr.  modeme,  T.  ii.  p.  754. 

(**^  p.  678. — "  On  sait  qu*il  existe  au-dessus  et  au-dessous  de  Teqaateor 
de  Jupiter  deux  bandes  moins  brillantes  que  la  surface  gen^rale.  Si  on  les 
examine  avec  une  lunette,  elles  paraissent  moins  distinctes  &  mesure  qu'elles 
s'eloignent  da  centre,  et  mSme  elles  deviennent  tout-^-fait  invisibles  pr^  des 
bords  de  la  plan^te.  Toutes  ces  apparences  8*expliqnent  en  admettant 
Texietence  d'une  atmosphere  de  nuages  interrompue  aux  environs  de  Teqaa- 
tear  par  une  zone  diaphane,  produite  peut-etre  par  les  vents  alis^s.  L*atmo- 
sphere  de  nuages  reflechissant  plus  de  lumiere  que  le  corps  solide  de  Jupiter, 
les  parties  de  ce  corps  que  Ton  verra  a  travers  la  zone  diaphane,  auront  moini 
d'eclat  que  le  reste,  et  formeront  les  bandes  obscures.  A  mesure  qu'on 
s'eloignera  du  centre,  le  rayon  visuel  de  I'observateur  traversera  des  epaisseurs 
do  plus  eu  plus  grandes  de  la  zone  diaphane,  en  sorte  qu*a  la  lumiere  reflechie 
par  le  corps  solide  de  la  piauete  s'ajoutera  la  lumiere  reflechie  par  cette 
zone  plus  epaisse.  Les  bandes  seront  par  cette  raison  moins  obscures  en 
s'^luignant  du  centre.  Eafiu  aux  bords  memes  la  lumiere  reflechie  par 
la  zone  vue  dans  la  plus  grande  epaisscur  pourra  faire  disparaitre  la  difference 
d'intensite  qui  existe  entre  les  quantites  de  lumiere  reflechie  par  la  planete 
et  par  Tatmosphere  de  nuages ;  on  cessera  alors  d'apercevoir  les  bandes  qui 
n'existent  qu'en  vertu  de  cette  difference.  On  observe  dans  les  pays  de  mon- 
tagncs  quelque  chose  d'analogue :  quand  on  se  trouve  pres  d'une  foret  de 
sapins,  elle  parait  noire ;  mais  a  mesure  qu'on  s'en  Soigne,  les  couches  d'at- 
mosphere  interpos^es  deviennent  de  plus  en  plus  epaisses  et  reflechissent  de 
la  lumiere.  La  difference  de  teinte  entre  la  for^t  et  les  objets  voisins  diminue 
de  plus  en  plus ;  elle  finit  par  se  coufondre  avec  eux,  si  Ton  s'en  eloigne  d'une 
distance  convenable."     (From  Arago's  Discourses  on  Astronomy,  1841). 


NOTES.  CXXXVll 

,  (n9)p.379.-Kn3mos,Bd.ii.S.367— 359Bnaa09,  Anm.!*;  Engl.  sd. 
-818,  flndciiv.  Note  434. 
p.  33U.— Sir  Jahn  Herachd,  OuUines,  {  510. 
p.  381.— The  earliest  careful  obscrvaliuns  of  William  llerachel,  in 
r.  1703,  gave  [ur  the  rotatioa  of  Saturn  10  haura,  16  minutes,  ii  iecoaila. 
Enoaeausly  slated,  that,  forty  years  heForc  WilJiam  Qersehel,  the 
Mt  plUoBopher  Kant,  in  his  ingcnioua  Alljiemeine  NuturgeBoliidita  ia 
immels,  inferred  truly  the  time  nt  rotatian  of  Saturn  fram  theoretical  con- 
3ns.  The  number  which  he  ossigned  was  -fl  hours,  23  minutes,  63 
He  called  Ms  determmation  the  "  mntheiaaticul  cumpututlun  of  an 
n  movement  of  a  heoveuly  body,  which  is  perhaps  the  only  prediction 
ind  in  natural  science,  and  mast  anaii  its  conHrmBtiou  from  future 
obaerratious."  The  hoiied-far  cauSrmatioa  did  not  arrive ;  on  the  contrary, 
□bserTatloii  has  shewn  (hat  the  auticipation  was  in  error  4  lionrs,  or  threo- 
fiftha  of  its  amount.  Id  the  aauie  work  he  says  of  Saturn's  ring,  that  of  the 
accumulated  particles  of  which  it  consists,  those  of  the  interior  margin  per- 
form their  course  in  10  hours,  aud  those  of  the  eiterior  margin  in  16  hours. 
The  first  of  these  two  nnmbera,  aii[iLeJ  to  the  ring,  ia  the  only  one  nhich  is, 
■ocidentally,  near  to  the  observed  time  of  rotation  of  the  phinct.  Compare 
Kant,  Simmtliche  Wcrkc,  Th.  vi,  J339,  S.  135  aud  140. 

("')  p.  381.— Laplace  (Eipos.  du  Syst.  da  Mon^e,  p.  43)  estimates  the 
compression  at  the  poles  at  ^.  The  singular  Bnp[ioseil  deviation  of  Saturn 
fram  a  spheroidal  figure,  in  eonfonnity  with  which  William  llerachel,  by  a 
•eries  of  elaborate  observations,  made,  moreover,  with  very  dilTereat  teleseapcs, 
found  the  uiqjor  aiis  ot  the  pkaet,  not  in  the  equator  itself,  bat  in  a  diameter 
oiossing  the  equatorial  diameter  at  aa  angle  of  about  45°,  has  not  been  eon- 
finned  by  Bessel,  bat,  ou  the  coutrary,  was  believed  by  him  (o  have  been 

C^^)  p.  382.— Arago,  Annuaire  pour  1842,  p.  555. 

(.^)p.  383,— This  different  of  the  iulenaity  ot  light  of  Ihfl  inner  and  the 
outer  ring  Kaa  alreaily  noticed  hy  Dominique  Caasmi  (Mem  de  I'Aiiadimie 
dea  SdeucBS,  Ann^e  1715,  p.  13;. 

(O'jp.  38a.-Koimoa,  ]id.ii.  S.  SoU;  Engl.  ed.  p.  31S-319.  Tbepui- 
fiea/ibH  of  the  discovery,  or  rather  of  the  complete  explUTiation  of  all  the 
pluBonmena  presented  hy  Saturn  and  his  ring,  «aa  nut  made  until  four  years 
bter,  in  1659,  in  the  Syalema  Salurniiuo. 

^J  p,  384.— Such  mountain-likB  inequalilics  Iiave  reoeully  been  doliotd  hy 
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LasseU,  at  Liverpool,  with  a  tweuty-foot  reflector  made  by  himsidl  (Rep.  of 
the  British  Association,  1850,  p.  xxxv.) 

(^  p.  384.— Compare  Harding's  KJeine  Ephemeriden  fur  1835,  S.  100; 
and  Stmve,  in  Schom.  Astr.  Nachrichten,  No.  139  S.  389. 

(^)  p.  884. — We  read  in  the  Actis  Emditorani  pro  anno  1684,  p.  424,  u 
an  extract  from  the  "  Systema  pheenomenorum  Satumi,  aaiore  Galletio,  pro> 
posito  eccl.  Aveniouensis :"  —  "Nonnunqaam  corpas  Satomi  turn  ezaeU 
annuU  medium  ohtinere  visum  fait.  Hinc  evenit,  ut,  qaom  planeta  orientala 
est,  centrum  ejus  extremitati  orientali  annuli  proprius  videatur,  et  major  put 
ab  occidentali  latere  sit  cum  ampliore  obscuritate." 

(^  p.  385. — Homer,  in  Gtehler*8  Neuem  physik.  Worterbuch  (New  Phy- 
sical  Dictionary),  Bd.  viii.  1836,  S.  174. 

(^)  p.  385. — Benjamin  Peirce  on  the  Constitution  of  Saturn's  ring,  in 
Gould's  Asiron.  Journal,  1851,  Vol.  ii.  p.  16.  "  The  rin>if  consists  of  a 
stream,  or  of  streams,  of  a  fluid  rather  denser  thau  water  flowing  around  the 
primary."  Compare  also  Silliman's  Amer.  Journal,  2d  series,  Vol.  xii.  1851, 
p.  99 ;  and  respecting  the  inequalities  of  the  ring,  and  the  perturbing,  and 
thereby  maintaining,  influences  of  the  satellites,  John  Herschel,  Outlines, 
p.  320. 

(^  p.  386. — Sir  John  Herschel,  Results  of  Astron.  Observ.  at  the  Cape 
of  Good  Hope,  p.  414 — 430 ;  the  same,  in  the  Outlines  of  Astr.  p.  650;  and 
upon  the  Law  of  the  Distances,  §  550. 

(«3»)  p.  387.— Fries,  Vorlesungen  iiber  die  Stemkunde,  1833,  S.  825; 
Challis,  in  the  Transact,  of  the  Cambridge  Philos.  Society,  Vol.  iii.  p.  1?1. 

(®2)  p.  387.— William  Herschel,  Account  of  a  Comet,  in  the  Phil.  TraDs. 
for  1781,  Vol.  Ixxi.  p.  492. 

(«3)  p.  388.— Kosmos,  Bd.  iii.  S.  445  j  Engl.  edit.  p.  823. 
(®*)  p.  388. — Madler,  in  Schumacher's  Astr.  Nachr.  No.  493.     (Compare, 
respecting  the  ellipticity  or  compression  at  the  poles  of  Uranus,  Ango, 
Annuaire  for  1842,  p.  577 — 579.) 

(®®)  p.  390. — For  the  observations  of  Lassell,  at  Starfield  (Liverpool),  and 
of  Otto  Strusrc,  compare  Monthly  Notices  of  the  Royal  Astron.  Soc.  VoI.tE 
1848,  p.  43—47,  and  185—139  j  also  Schum.  Astr.  Nachr.  No.  623,  S.365. 
(®^  p.  390. — Bernhard  von  Lindenau,  Beit  rag  zur  Gesch.  der  Neptun's* 
Entdeckung  (Contribution  to  the  History  of  the  Discovery  of  Neptune),  m 
Erganz.  Heft  zu  Schum.  Astr.  Nachr.  1849,  S.  17. 
<^)  p.  391.— Astr.  Nachr.  No.  580. 
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k'C")  p.  391.— le  Vemer,  Rccherchea  but  le?  iroiiycniena  dc  la  Planets 
B46,  l\i  the  CoDtmisMnce  ia  T<:iii[»  iiour  I'aa  1S19,  p.  2C1. 
')  p.  361. — The  very  important  elemcat  of  the  man  of  Ntiplone  !iu 
7  iacrenied  from  jnrS-irT  ■'vnlia^  lo  Adiuns,  ^ai^j  accocdiag  (o 
jdiaj  nccording  to  Bond,  and  rsf-^  tuxoTiiag  to  John  llerEchel ;  to 
rjiig  according  to  Lasstll,  and  -rrifir  BfMirding  to  Olto  nud  August  SltBTS. 
The  kit-nnmed  PbUiowb  reanlt  ha!  been  adopted  in  the  lert. 

(•«)  p,  393.— Airy,,iQ  the  Moathly  Notices  of  the  Boyal  Aotr.  Soc.  Vol. 
Tii,  No.  B  (Nov.  1848).  p.  121—162;  Itemhard  von  Lindenaa,  Udtnig. 
lur  Gcech.  dcr  Ncptud's.Enldeeknng,  S.  1—83  and  385-238.  Le  Vonier, 
at  the  instance  of  Ar^D,  began  in  the  summer  of  1S45,  to  workat  the  theory 
of  Uranus,  He  laid  the  results  of  hia  investigation  before  the  Institute  on 
the  10th  of  N<?v.  184S,  the  lat  of  June,  31st  of  Aiiguat,  aud  5th  of  Oct. 
1840,  and  published  tbematouce;  hut  his  greatest  and  moat  impartuut 
work,  which  coutaineii  the  eolutiou  of  the  whole  problem,  only  appenred  in 
Ihc  ConnaisBance  dea  Temps  poor  I'au  1840.  Adams,  without  printiog  any- 
thing, laid  the  first  results  which  he  hod  obtaioeil  for  the  perturbinj:  planet 
before  Professor  Challis,  ia  September  1S43,  iind  the  same,  with  some  modi- 
fieafion,  in  the  followiug  month,  Oet.  1845,  biifore  the  Astronomer -Royal, — 
it;il  without  pubiishiug  anything.  The  Aatronomcr-Bojul  received  fruni 
Adams  his  Sual  results,  with  eomc  rresh  correeliuus  relating  to  a  dtmi- 
outioa  of  the  ilislance,  in  the  beginDing  of  September  1840.  The  yonng 
Cambridge  geometrician  baa  npresBcd  himself  with  noble  moilesty  and 
Mlf-denial  on  the  subject  of  this  chronologicul  sucecgsion  of  labours,  which 
were  all  direi  ted  to  the  same  great  object ; — "  1  mention  these  earlier  dales 
merely  to  bhcw  that  my  results  nere  arrived  at  independently,  and  pre- 
vioualy  to  the  publicalion  of  M.  Le  Vcrricr,  and  not  with  the  intention  ot 
iiiterrering  with  his  just  claims  to  the  hoaoura  of  the  discovery  ;  for  there  ia 
no  doubt  that  hie  rescurches  were  fu^t  published  to  the  world,  and  led  to  the 
actual  discovery  of  the  planet  by  Dr.  Oalle :  sn  that  the  facta  stated  above 
cannot  detract  in  the  slightest  ilegree  from  the  credit  due  to  M.  Lc  Verrier." 
As  in  the  history  of  tho  discovery  of  Neptune  mention  has  often  been  made 
of  the  early  partitipulion  of  tho  great  astronomer  of  KiinigshBrg  in  the  eipec- 
Utiou  already  eipresscd  in  1834  hy  Aleijs  Bouvard  (the  author  of  the 
Tables  of  Uraiiun),  that  the  pcrlurhatiouB  of  Uranus  might  he  caused  by 
planet  still  unknown  to  us,  I  think  it  may  porhapd  he  agreenhle  to  some  of 
my  readers  (hat  I  should  publish  here  a  portion  of  a  letter  written  to  me  by 
BewcU,  muler  date  Sth  May,  IS-IO,— two  years,  therefore,  before  his  oonter- 
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sation  with  Sir  John  Herschel,  during  his  yigit  to  Collingwood.  "  Toa  wisk 
for  tidings  respecting  the  planet  beyond  Uranus.  I  might  refer  yoa  to  friends 
at  Konigsberg  who,  from  a  misanderstanding,  think  they  know  more  tboot 
it  than  I  do  myself.  I  had  chosen  for  a  public  lecture  (on  the  28th  of  Feb. 
1840),  the  subject  of  the  connection  between  astronomical  observations  and 
astronomy.  The  public  knows  of  no  difference  between  the  two,  and  it  wis 
desirable  to  give  them  juster  views  in  this  respect.  In  shewing  the  derdop- 
ment  of  astronomical  knowledge  from  observations,  I  was  naturally  led  to 
remark  that  we  cannot  yet  by  any  means  assert  that  our  theory  explains  all 
the  motions  of  the  planets.  Uranus  was  adduced  in  proof  of  this,  as  the 
old  observations  of  that  planet  do  not  suit  at  all  with  the  elements  whidi 
can  be  inferred  from  the  later  observations  made  from  1783  to  1820.  I 
think  I  once  before  told  you  that  I  had  worked  much  at  this  question,  bnt 
that  I  had  not  arrived  at  more  than  the  certainty  that  the  existing  theory,  or 
rather  its  application  to  the  solar  system,  so  far  at  it  Uknoum  to  us,  does  not 
suffice  to  solve  the  enigma  presented  by  Uranus.  I  do  not,  however,  believe 
that  we  ought  on  this  account  to  regard  it  as  not  susceptible  of  solution. 
We  must  first  know  accurately  and  completely  all  that  has  been  observed  re- 
specting  Uranus.  I  have  got  one  of  my  young  auditors,  Fleming,  to  reduce 
and  compare  all  the  observations,  and  thus  I  now  have  all  the  existing  data 
before  me.  If  the  old  observations  do  not  suit  well  with  the  theory,  the 
later  ones  do  so  still  less ;  for  the  error  is  again  already  a  full  minute,  and  it 
increases  annually  by  seven  or  eight  seconds,  so  that  it  will  soon  be  conside- 
rably larger.  I  have  thence  thought  that  a  time  would  come  in  which  the 
solution  of  the  enigma  might  perhaps  be  found  in  a  new  planet,  whose  ele- 
ments might  be  recognised  from  its  effects  on  Uranus,  and  confirmed  by  those 
on  Saturn.  I  was  far  from  saying  that  this  time  had  actually  arrived,  but  I 
mean  now  to  try  how  far  the  existing  facts  may  lead.  This  is  a  work  which 
I  have  had  by  me  so  many  years,  and  1  have  already  pursued  so  many  different 
views  for  its  sake,  that  its  completion  has  peculiar  attractions  for  me,  and  I 
shall,  therefore,  omit  nothing  to  bring  it  about  as  soon  as  possible.  I  have 
great  confidence  in  Fleming,  who  at  Dantzig,  whither  he  is  now  called,  will 
prosecute  for  Jupiter  and  Saturn  the  same  reduction  of  observations  as  that 
which  he  has  now  performed  for  Uranus.  It  is,  in  my  estimation,  a  fortunate 
circumstance  that  he  has,  for  the  present,  no  means  of  making  observatioos, 
and  that  he  is  not  engaged  in  any  lectures.  No  doubt  a  time  will  arrive 
for  him  also  when  he  will  have  to  make  observations  for  a  definite  object; 
and  then  he  will,  I  trust,  be  as  far  from  wanting  the  requisite  means  as  he  is 
now  from  wanting  the  skill," 


*')  p.  393.— ThE  flrsL  letter  in  which  Laaaell  annouiicija  the  di.cui-cry  wus 
Id  tliveth  of  August,  1S17.  (Schumucber's  Aslr.  Nich,  Ho.  611,  S.  Ua). 
*)  p.  3^3.— Otto  Slruic,  ill  (he  Astr.  Nachr.  No.  SS9.  August  Struie, 
[X>r)nt,  compulsd  the  orbit  of  Uie  fint  latellito  of  NeptDue  tram  Ibo  obsc(> 
la  at  Fulkona. 

13.— W.  C.  Bond,  in  (he  PrDceedingi  of  (he  American  Acadcmy 
ta  Had  Scieiicei,  Vol.  ii.  p.  137  end  140. 
p.  393.— Stham,  Aitt.  Nachr.  No.  729,  S,  US. 


— Kaut  ta;rs :  "  The  last  planets  bejiond  Saturo  w!ll  be  foimd 

saaiDg  reaemblancE  to  comets,  until  one  claaa  or  budii'B  Ib  cuu- 

paaaiis  1)j  gradual  tiaanition  iuto  the  olber.    This  suppusition 

the  law  accQrdiog  lo  which  the  eicoutriuit;  of  tbe  plouetar; 

Rith  their  diitauce  frooi  (be  Sun.    The  rciDU(er  planets  ip' 

aeb  theroby  Dearer  to  the  dsfiailion  of  Domcta.     Tbci  laat  planet,  nod  Qrat 

liBf  be  the  body  which  at  its  pcribdian  shall  be  Couod  tu  iutcrsect 

lit  of  the  neit  planet,  perhaps  Saturu.    Our  thcor;  of  the  mechanical  for- 

icavenl;  hodiea  is  atao  clearl;  pro«ed  (!)  by  thnioaguitude  of  the 

DB  iucrenaing  with  theit  diatauce  from  the  Sun."    ICaut,  Natur- 

imels  (1T5E)  in  his  Souuntl.  Werkeu,  Th.  vi.  S.  88  and  lUS. 

le  b^iuning  of  the  Bth  Part  (S.    131)   he  had  spoken  of  the  "  earlier 

are  which  Saturn  had  laid  aside." 

— Stephen  Alexander  "  on  the  Simjlaritj  of  Arrangements  of 

ft  Asteroids  and  the  Cooicts  of  Short  Periods,  and  the  Possibility  uf  their 

m  Origiu,"  in  Gould'a  Astron.  Jauraal,  Ho.  19,  p.  UT.  and  No.  20, 

The  author  distinguishes,  with  Hind  (Sohum,  Aatr.  Nachr.  No. 

94)  "  tbe  comets  nf  short  period,  whose  semi-aica  arc  all  nearly  the  eauiB 

Ji  those  uf  the  auiall  planets  between   Mura  and  Jupiter^  and  the  other 

a,  indailiug  tbe  cornels,  whoau  mean  distnucs  or  semj-aiis  is  somewhat 

H  than  that  uf  Cranns."     He  coneludeB  the  Srst  memoir  wiCb  the  atatciiicut 

"diflereot  faEta  and  coincide uces  agree  in  iudicating  a  near  appuleo,  if 

in  actual  collision,  of  Mars  nith  a  large  cumet  in  1315  or  1316;  that  the 

etwat  thereby  broken  into  thrca  parts,  whose  orhitB  (it  may  be  preaumed) 

1  even  Ibeu  their  present  form,  vijc.  that  still  presented  by  (be  cumeta 

i,  1S15,  and  1S16,  which  are  {ragments  uftbe  diaseveii^d  <'oinct." 

p.  3UT-— Laplace,  EipuB.  du  Syst,  du  Munde  (id.  l»ii),  p.  4U. 


exlii 


NOTES. 


(*«)  p.  897.— On  comets,  see  Kosmos,  Bd.  i.  S.  105—120,  and  S89-Sn, 
Anm.  12—27 ;  Engl.  ed.  p.  91—105,  and  p.  rWi.— xx.  Notes  42-67. 

(^  p.  898.— In  seven  half>centnries,  from  1500  to  1850,  there  but 
appeared  in  all  52  comets  visible  to  the  naked  eje  in  Europe,  or  taking  evk^ 
tenral  of  half  a  century  separately  and  successively,  respectively — 18, 10,  %  Ifl^ 
4,  4,  and  9.  Taking  them  thus  in  half-eenturiefl,  and  giving  the  yesr  of  tki 
appearance  of  each  comet,  we  have  s— > 
1500—1550 
13  comets. 


1550—1600 
10  comets. 


1700—1750 
1702 
1744 
1748  (2) 


4  comets. 


1600—1650 
1607 
1618 

2  comets. 


1750—1800 
1750 
1766 
1769 
1781 

4  comets. 


1650—1700 

1652 

1664 

1665 

1663 

1672 

1680 

1682 

1686 

1689 

1696  

—  9  Comets. 

10  comets. 
Of  the  28   comets  stated  above  to  have  been  visible  to  t  lie  naked  eyefai 
Europe  in  the  I6th  century  (the  age  of  Apianus,  GKnilamu  Fracastoro^  the 
Landgrave  William  the  IVth  of  Hesse,  Mfistlin,  and  Tycfao  Brahe),  ten  hm 


1800—1850 

1807 
1811 
1819 
1823 
1830 
1835 
1843 
1845 
1847 
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n  deurilKd  by  Pbgr^,  ih.  those  of  15G0,  150G,  IGQfl,  1612,  ljl4, 151S, 
t,  1B21,  1623,  sod  1530;  as  »eU  to  tbe  comets  of  1B31,  1533.  16S8, 
I,  IBbH,  ISeg,  1577,  1580,  1682, 1585,  UtO.  1593,  and  ISOfl. 

. — Thii  is  the  "  maligoaot  cumet"  whicb  Has  aupposcd  to  an- 

■e  (or  occasion),  in  etorm  aod  fliipwreck,  the  death  of  the  celebrated 

JCM  discoverer,  Bflriholomew  Diaji,  when  he  balled  wih  Cebral  from 

,0  the  Cape  of  Good  Hope.    HambDldl,  Eiamen  crit.  do  i'lliat.  de  la 

T.  i.  p.  206,  and  T.  v.  p.  80  (Sousa,  Asia  Poring.  T.  i.  P.  i.  cap.  6, 

"')  p.  399. — Laugier,  in  tlie  Coaasiusnce  dea  Temps  pour  I'an  181Q, 
)0.  Compare  also  Edoaard  Biot,  Rechercbes  lur  les  Ancieuncs  Apparj- 
!  do  k  Comete  de  Hnllej  anterieDrss  k  rAnnee  1ST8,  irocli 
re  died,  p.  TO— S*. 

99.— On  the  eomet  discovered  by  Galle  in  MkA  1840,  m 
B  Aatr.  Naebr.  lid.  17.  S.  188. 
p.  a99.— Sec  mj  VuCB  dca  CordiUires  {^d.  in-folio),  H.  Iv.  Bg.  8. 
The  Meiicaus  had  ilao  a  rery  correct  view  uf  the  came  of  a 
The  same  Meiican  maanKript,  executed  at  least  a  quarter  of  a 
I  the  arrival  of  Iho  Spaniarda,  represents  the  Sun  os  slmoat 
dbj  the  disk  of  Iha  Moon,  and  ahcwa  theators  visible  at  the  sonic  time. 
.— This  origin  of  tUe  tail  from  Ihe/ronC  part  of  the  htad  of  the 
net  which  engaged  so  much  of  Beaael'i  Ktleation,  is  in  accordance  with  tlie 
1  already  taken  by  Nenton  and  by  Wiutbrop,  (Compare  Kewton,  Princip, 
;  andPhil.TranB.  Vol.lvii.forthBjBarl7a7,p.liO,Eg.SO  Sevrton 
tluiught  that  the  tail  WBa  developed  in  ^reatcat  atrength  and  length  when 
■Msr  la  the  Sun,  because  the  celestial  air  (Ihat  nhich  nith  Encke  ne  call  the 
"  resisting  medium")  is  there  moat  dense,  and  the  "  particnlfB  candic,"  being 
ttrungly  heated,  ascend  most  easily,  lieitig  npbome  by  the  dcnacr  celcalial 
ur.  Winthrop  thought  that  the  principal  effect  doca  not  take  place  until  a 
little  after  the  perihelion,  because,  according  to  the  law  ealablishcd  by 
Ketrton  (Princip.  p.  '124  and  460),  msiima  are  always  in  arrear  (as  iu 
periodical  changes  of  lempcralnre,  as  well  a*  in  the  tides  of  the  sen). 

(■")  |i.  400.— Acagn,  in  the  Aunuaire  for  1844,  p.  395.  The  obseria- 
tion  was  made  hy  the  younger  Amici. 

(™)  p.  400.— On  the  comet  of  1843,  which  in  the  month  of  March  of  that 
year  shone  out  nitb  a  lualre  uncismpled  in  the  North  of  Europe,  and  Hhinli 
approached  nearer  to  the  Suu  than  any  other  observed  and  calculaled  comet, 
see  SirJuhn  Hcrschel's  Outlines  of  Astronomy,  S  G89— &3T;  and  Fuirco 


Amerioui  Alnumac  for  1844,  p.  42.  External  or  physiognomic  resemblanees, 
the  nncertainty  of  which  had,  however,  been  pointed  out  so  long  ago  as  bf 
Seneca  in  hit  Nat.  Quest,  lib.  yu.  cap.  11  and  17*  had  at  first  given  ocei- 
aion  to  this  comet  bring  supposed  to  be  identical  with  those  of  1668  and  1689. 
(Kosmos,  Bd.  i.  S.  144  and  410,  Aum.  62;  Engl.  ed.  p.  129  and  xxxiil 
Note  92  :  and  Galle,  in  **  Olhers  Cometenbahnen,"  No.  42  and  50.)    Bogus- 
lawftki  (Sohum.  Astr.  Nachr.  No.  545,  S.  272)  believed,  on  the  other  hancl, 
that  the  earlier  appearances  of  this  comet,  assigning  to  it  a  period  of  revo- 
lution of  147  years,  had  been  those  of  1695.  1548,  and  1401 :  he  even  ealli 
it  "  the  comet  of  Aristotle,*'  because  he  traces  it  back  to  371  B.C.,  and,  with 
the  talented  Hellenist,  Thiersch,  of  Munich,  considers  it  to  be  the  comet  men* 
tioued  in  the  Meteorol.  of  Aristotle,  Book  i.  cap.  6.     I  would  remark,  how- 
ever, that  the  name  '*  Comet  of  Aristotle"  b  liable  to  mnch  uncertainty  in 
respect  to  its  signification.     If  the  comet  which  Aristotle  makes  to  have  di^ 
appeared  in  the  constellation  of  Orion,  and  which  he  connects  with  the  earth- 
quake in  Achaia,  be  meant,  it  must  not  be  forgotten  that  this  comet  is  stated 
by  Calisthcnes  to  have  appeared  before,  by  Diodorus  i^ter,  and  by  Aristotle 
at  the  time  of,  the  earthquake.    The  6th  and  8th  chapters  of  Aristotle's 
Meteorology  treat  of  four  comets,  the  epochs  of  whose  appearance  are  indi- 
cated by  references  to  the  Archons  at  Athens,  and  to  different  calamitous  events. 
He  there  meutioas  successively  the  "  western"  comet,  which  appeared  at  the 
time  of  the  great  earthquake  in  Achaia,  with  which  g^eat  innndations  were 
connected   (cap.  6,  8) ;  then  the  comet  which  appeared  in  the  time  of  the 
Archon  Euclcs,  the  sou  of  Molon  (cap.  6,  10);  and  subsequently  the  Sta- 
girite  speaks  again  of  the  western  comet,  that  of  the  great  earthquake,  and 
names  in  counection  with  it  the  Archon  Asteus,  a  name  which  incorrect 
readings  have  converted  into  Aristscns,  and  who,  on  that  account,  Fingr^,  in 
his  Cometographie,  erroneously  regards  as  the  same  person  as  Aristhenes  or 
Alcisthenes.    The  lustre  of  this  comet  of  Asteus  extended  over  a  third  part  of 
the  heavens :  its  tail,  therefore,  which  was  called  "  the  way"  (Ms),  was  60°  in 
length.    It  stretched  to  the  neighbourhood  of  Orion,  where  it  was  dissolved. 
In  cap.  7f  9,  mention  is  made  of  the  comet  which  appeared  simultaneoosly 
with  the  celebrated  fall  of  a  meteoric  stone  at  JEgos  Potamoi  (Kosmos,  Bd.  i.  S. 
124,  397,  and  407 ;  Engl.  ed.  p.  109,  xxiii.  and  xxxi.  Note  87),  and  which 
cannot  well  be  a  mere  confusion  with  the  aerolite-cloud  described  by  Damachos 
as  having  shone  and  sent  forth  shooting  stars  duriug  a  period  of  70  days. 
Lastly,  Aristotle  names,  in  cap.  7,  10,  a  comet  which  was  seen  under  the 
Archon  Nicomachus,  and  to  which  a  tempest  at  Corinth  was  ascribed.  These 
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four  appearances  of  comcta  M  in  tbe  kmg  period  of  82  Olympiads,  yiz.  the 
comet  contemporaneous  with  the  aerolitic  fall,  aerording  to  the  Parian  chroni- 
cle, 01.  78,  1  (468  B.C.),  nnder  the  Archon  Theagenides;  the  great  cornel  of 
Astens,  which  appeared  at  the  time  ef  the  earthquake  in  Achaia,  and  disap- 
peared in  the  constellation  of  Orion,  in  01.  101,  4  (373  B.C.)  ;  the  comet  of 
Eocles,  the  son  of  Molon,  erroneoosljr  called  Eoclides  hy  Diodoms  (xii.  58), 
in  OL  88,  2  (427  B.C.),  as  is  also  confirmed  by  the  Commentary  of  Johannes 
Philoponos ;  and  the  comet  of  Nicomachns,  in  01. 109,  4  (341  B.C.)   In  Pliny, 
ii.  25,  the  108th  Olympiad  is  assigned  to  the  jabse  effigies  mntata  in  hastam. 
Seneca  also  agrees  in  the  immediate  connection  of  the  comet  of  Astens  (01. 
101,  4)  with  the  earthquake  in  Achaia,  inasmuch  as  he  mentions  in  the  fol- 
lowing maaner  the  destruction  of  Bun  and  Helice,  which  towns  are  not 
expressly  named  by  Aristotle  :  "  Effigiem  ignis  longi  fuisse,  Callisthenes  tra- 
dit,   anteqnam  Burin  et  Helicen  mare  absconderet.     Arisioteles  ait,   non 
trabem  illam,  sed  cometam  fuisse."     (Seneca,  Nat.  Qusest.  vii.  5.)     Strabo 
(▼iii.  p.  384,   Cas.)  places  the  destruction  of  these  two  often  mentioned 
cities  two  years  before  the  battle  of  Lenctra,  whence  we  should  again  have 
the  date  01.  101,  4.     Lastly,   when  Diodorus  Siculus  has   described  the 
same  event  in  more  detail  as  taking  place  under  the  Archon  Astens  (xt.  48 
and  49),  he  places  the  bright  "  shadow- casting"  comet  (xv.  50)  nnder  the 
Archon  Alcisthenes,  a  year  later,  01.  102,  1  (372  B.C.),  and  makes  it  a  herald 
of  the  downfall  of  the  Lacedasmonian  dominion ;  but  Diodorus  had  the  habit 
of  transferring  an  event  from  one  year  to  another,  and  the  more  ancient  and 
secure  authorities,  Aristotle  and  the  Parian  Chronicle,  testify  in  favour  of  the 
epoch  of  Asteus  in  preference  to  that  of  Alcisthenes.     Now  as,  by  the  assump- 
tion  of  a  period  of  revolution  of  147i  years  for  the  fine  comet  of  1843, 
Bognslawski  traces  it  through  1695,  1548, 1401,  and  1106,  back  to  371  years 
before  our  era,  we  find  it  agree  with  the  comet  of  the  earthquake  in  Achaia, 
according  to  Aristotle  within  two,  and  according  to  Diodorus  even  within  one, 
year,  which,  if  we  could  know  anythiug  of  the  similarity  of  the  orbits,  would, 
indeed,  be  a  very  small  error  considering  the  probable  perturbations  in  so 
long  an  interval.     If  Pingr^,  in  his  Cometographie,  1783,  T.  i.  p.  259—262 
(on  the  authority  of  Diodorus,  and  takiug  Alcisthenes  instead  of  Astens  as 
the  name  of  the  Arciiou),  places  the  appearance  of  the  comet  in  Orion  of 
which  we  are  speaking  iu  01.  102,  and  yet  calls  the  date  July  371  instead  of 
872  B.C.,  it  is  no  doubt  because  he  agrees  with  some  astronomers  in  marking 
the  first  year  before  the  Christian  Era  as  anno  0.     It  must  be  remarked,  in 
conclusion,  that  Sir  John  Uerschel  takes  for  the  bright  comet  of  1843  quite 


s  fifinsc  ftnul  ti  rcrtteka,  to.  175  jrar%  wKieh  would  tnee  H  Uiiti 
;aK  ion  li€A^  14 j4.  aii  ISIS.  (Coapve  Oatlines  of  Astronomy,  p.  876 
za  1.  T:L  wxx  Gus,  s  O&os  CoBetcBbdmeii,  S.  208,  and  Kosmos^  Bi  i 
S.  IM.  Tjir.  «L  ^  91.)  (Xker  combuMtions  of  Pdroe  and  Clanaoi  efti 
en  jtrunat  -J.  zrrJii^tm  ef  21|  or  7ii — yea«» — suffirient  proof  of  kow 
\mkCTaxak  £  3^  ^i  skc  ^ack  tke  eiiDet  of  1S43  to  the  time  of  tke  Arehoa 
A££*iA.  IW  3BeaC3ai  a  tke  MdeoroL  lib.  i.  cap.  7, 10,  of  aeometimdartke 
A.-t^nL  yi!snr.^i«.  kas  ikr  adraatage  of  informing  ns  that  Arutotk  wv  il 
Vk  jan  u£  vbex  tbftl  work  «s  written.  It  has  alwajs  8nq)rised  me 
uucracaBaK^v^ssikiTebeea  alreadrl-ft  years  old  at  thetimeoftke 
i^  Adbawatai  of  ibeappewuce  of  tbe  great  comet  inOrioDwitki 
^■I  If  f«r^  iL  'wg-j^  s&acjd  han  spoken  with  so  little  animation  of  so  M. 
lair  EL  ia>isc,  wnfirtirac  kissdf  witk  merc^  enumerating  it  as  one  of  the 
«mec»  "^iiK  ia£  bees  aeaxakii  tine."  The  snipriae  is  increased  on  ftafiog 
X  suii  ^  ine  sise  fuacar  that  he  bad  seen  witb  bis  own  eyes  sometluBg 
3>sMa:u&.  ir  ersL  a  &ax  aj9eanaee  of  a  mane  {mipa^),  round  a  fixed  star  is 
ne  "  Tii'in^TM  af  iJe  Bv^  (pobaps  Procjon  in  Canis  minor),  MeteoroL 
:.  f.  K  Ar3£C.:Cj-  ix  sols  (L  CI,  11)  of  ba  oboerratien  of  the  ooeoltation 
..'  1  sc^-  J.  tfSXLJx:  ^  liff  L«i  Cw  Jspcter.  What  is  said  of  a  neboloos  nuuK 
.r  njirc^as  ±i.r*^r.e  zl  Prarj:^  r ,  ;>SDizds  me  of  a  pbaenomenon  repeatedlj 
«r-  z:;i  :c  jl  -JUt  ucKm  Mtiirai  iaperial  aaaab^  according  to  the  Codex 
L\..-:r  ja  ik  -  ri:s  jar'  .::  Ss  saii}  *  Ciiialcboloa"  (the  planet  Venn?,  alio 
n.  <a£  3.  ir.s  TTatKCKc;  see  sy  Vaes  des  Cordilleres,  T.  ii.  p.  803)  "wai 
an.1  aMi  ::  smrc."  Ti-f  a^^eanztees  seen  lespectiTely  in  the  Greek  and 
X:i.<.-xi  ^7  ▼s-  TirrcaUT  saiH  ba^  rousd  the  star  and  the  planet,  the 
T  .j^'i^naesMH  K-Li  raii  rf  iizaxgieri.'  r.ira.iion. 

■«"  7.  *.:•:. —I^MaH  Bt:e.  iz.  :**  Comptes  rendos,  t.  xtl  1848,  p.  751. 

;^  7.  *■:  1  — ^^^iltf-  :i  lie  AToei-Jii  to  "  Olbers  Cometenbahnen,"  S.  221, 
\..  IJi.  T'l  :i;  7r:cail<  ?BiSsacc  ct  tke  two-tailed  comet  of  1828, see 
!—.:>.  if*  !>*>«  X:*  !75.  p.  la<S-)  The  memoir  referred  to  in  the  tat, 
Aniru  I.BC  :iri  :r'at  fLiOKTr".*  :f  *i<  cimeC  cf  16S0,  does  away  with  HaUqr's 
it^^..•i^  jirk  aw-irif  i:g  ::  wiSri  \b^  comet,  having  a  soppoaed  period  of 
r^T\vi'D;a  ,i'  :??  yarsw  wsiLi  Lave  apTcared  at  certain  great  epochs  iu  the 
1  :a.  ,-o«  :c  3iasi.i»£  iZ  'Jstt  Tiase  rf  ibc  I'.cod  according  to  the  Hebrews,  at 
u«e  r..iw  K  -"'-.' r<*  a»:c^ir  :.*  :!<  Gmeis,  the  Trojan  War,  the  destnietioD 
v»  \  iu-»-iJ.  \i<  iriti  :£  Jili-s  Cxsar,  ic,  Encke's  calculation  gives  the 
."Miv*:  >  7t.**»,c  S>I*  t-jl:^  Iu  jus:  ci$uncc  from  the  snrfaoe  of  the  San, 
oi     ic  :^,t  .IK.  :«S0^  «vcc>SiiC<<) German, or  l^SOCK)  English, geopa. 


NOTES.  CXlvil 

\\let ;  he'm^  80000  Egglieh  geograpliical  miles  less  than  the  diatiiDiie  of 
>a  fi'uin  (Le  Gartb.    The  aphclioo  of  the  comet  is  8533  diilanoiB  of 
i  Enrth  froDi  the  San,  and  the  ratio  of  its  least  to  it«  greatest  distance 
n  the  San  is  as  1  ^  1400DO. 
I  O  P-  *01-— Arajo,  in  the  Annuaire  ponr  1S32,  p.  E3B— 2S5. 
I  («^  p.  403.— Sir  John  Herachel,  Outlines,  i  693. 
I  (")  p.  403.— Bernhard  von  Lindcnan,  ia  Schum.  Aslr.  Nachr.  No,  6BS. 

f  C*9  p.  402.— Koamos.  Bd.  iii.  S.  48—49 ;  Engl,  ed.  p.  30—39. 
|'{^  p.  403.— Le  Veiricr,  in  the  CompleB  reiidas,  t.  lii.  1841,  p.  982—398. 
I  C*)  P-  *^^- — Kenton  aasamed  that  the  brightest  comets  poseesB  onl;  a 
|ht  reflected  from  the  Son.      Spleudeat  comelte  luce  Solia  a  ee  reflenB, 
nathem.  ed.  Le  Sear  et  Jacquier,  1760,  T.  iii.  p.  677-) 
tt^)  p.  404,— rifssell.  in  Schumacher's  Jahrbiich  !ur  1837,  S.  1B9. 
r^  p.  404.— Kosmos,  Bd.  i.  S.  113.  and  Bd.  iii.  S.  60  ;  Eugl.  cd.  Vol.  i. 

Dud  Vol.  in.  p.  40. 

it"'}  P'  ^^^- — Vslz, Easii  sor la  DctermiTiation  de  la  Density  de  I'Etncr dans 
X  pUnftairc,  1830,  p.  2  ;  and  Kosmos,  Bd.  i.  S.  112  ;  Engl  ed.  Vol.  i. 
Ilerelius,  who  was  atnaje  so  careM  and  UDprrjiidiced  an  observer, 
M  already  had  his  ntlention  drawn  to  the  enlargement  of  the  nuclei  of 
Dcreasiog  distance  from  the  Smi  (Pingrc,  Cometographic,  T.  ii, 
E]S3).  Determiualioas  of  the  diameter  of  Encke's  comet  vrhcn  near  the 
'e  vec;  dimciiU,  if  eiot-tntas  ia  aimed  at.  The  comet  is  a  nebnioas  mass, 
■  which  the  middle,  or  &  piirtof  the  middle,  is  striliiiigtj  the  brightest.  From 
[■  place,  nhich  has  not  at  all  the  appearance  of  a  disk,  aud  cannot  be  called 
Bl'ahead,  the  light  decreases  rapidlj  on  all  aides.  Al.  the  eametime  the 
mloaitj  is  proluugei  in  one  direetina,  so  that  this  prolon^lian  appears  like 
DiiL  Meaeurciri  ii.s  of  the  comet'a  dimenslans  refer,  therefore,  to  Ihil 
Mity,  the  eircumfereuce  of  which,  vtithont  having  onj  very  well-deflaed 
e,  diminishes  when  the  comet  is  at  its  perihelion. 

.-Sir  John  Uerschel,  Ri^ulls  of  Astron.  Ohserr.  at  the  Cape 
of  Good  Hope,  IB47,  }  866,  PI.  iv.  aud  ivi, 

(««)  p.  4(10.- Allhoii)!h  slill  laler  (3th  of  March)  the  distance  helwecn 
the  two  comets  was  seen  to  incrense  to  9°  IS',  yet  tbia  increase,  as  Flanta- 
monr  has  shewn,  was  only  apjiaicnl,  being  dependent  on  increased  Bj>[iroii- 
mation  to  the  Earth.  From  February  lo  the  lO'h  of  March,  the  two  por- 
tiosa  of  the  double  comet  contioned  (o  be  at  ao  equal  distance  from  each  other, 
<^)  p.  408.— Le  19  fevrinr  1346,  on  aperjoit  le  fond  aoit  du  cicl  qui 
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M)i««  kslMx  coa^tos.  (Otto  Strare,  in  the  BaDetin  plij9B(»-Baik6nkifif 
4i  r.Vs«l  te  SctenfiM  d«  St^-Petenboorg,  T.  ti.  No.  4.) 

(^^  p.  40«.— Comptrv  '*OutUnee  of  Astronomy,**  f  580— SS3;  GA, 
:m  Olben  CooMtenlMhnen,  S.  282. 

v*^  p.  M)T. — ^  Ephonis  tton  religiosissims  fidei,  saepe  denpitnr,  oepe 
jMsjnt.  Stcut  liic  eoiiiet«m»  qui  omniam  mortalium  occdis  costoditos  est, 
4im^  :ifeemn»  m  tnxit  eventns,  com  Helicen  et  Bnriu  orta  sac  menerit,  ait 
:3;ua  iijcttnim  m  (ins  steOas :  quod  prster  illam  nemo  tradidit.  Qxm 
mtm  ytutt^  abwrraw  iiind  mom«ntam  qao  oometes  solntns  et  in  doas  parta 
i.*4ti»  «t '  Vjuoiaodo  attt«m»  si  eat  qui  viderit  eometem  in  doaa  derimi, 
v^iIt  tmri  «x  tiudbas?**     (Seneca»  Nat.  Qnsest.  lib.  vii.  cap.  16.) 

^'^^  ;x  «Ur.-»SiioQanl  Biot»  Reeherdies  sur  les  Cometes  de  la  CoUeetioD 
4ft  Xia^uaiD-Ciit»  in  tiM  Comptes  r«ndQs»  T.  xz.  1845,  p.  334. 

.'^  >  M)$v^i»aUe.  in  *"  Oibars  Methodo  der  Cometenbahnen/'  S.  S32, 
Mo.  \^-k  Pm  cwaecs  of  Colin  and  Bremiker,  of  the  years  1845  and  1^, 
vr^HttbuM  .-thtHjc  jfbita  with  not  very  long  periods  of  rerolation  (not  long,  I 
:ift«ii»,  t'  ovtuinLTiM  ^tih  tiw  partods  of  3065  and  8800  years  of  the  comeU  of 
ISL '  4ikI  lOS.)).  Hm  conwcs  of  CoDn  and  Bremiker  appear  to  have  periodsof 
^Nuy  ^'J  iiM  U4  yisars.    v^«<  ^^^^  in  the  lastM^noted  work,  S.  229  and  231 .) 

■^^^  •>.  .oy.^-rV  snort  pertod  of  rcYoIution  of  1204  days  was  recognised 
S  ^ucKt;  <u  ::itr  rviqvfwttmuc^  af  his  comet  in  1S19.  See  the  first  calcolated 
itbi-iK'  m-*  u  •!»  *lert!tt  **  .V;stroa.  Jahrbach"  (br  1823,  S.  193  ;  and  fur 
IK  .\iu>;.:iuiS  i'  "  '.ite  nwi$tiutc  me«iiam''  assomed  for  the  explanation  of  the 
u.x-viejttic;u  f^vtiutiou,  ««  Hackee  "^  Vierte  AbhandL*'  in  the  "Schriflen  der 
'kit:u<f  v.xademit '  'vt  lS4-k  y^Compare  Arago^inthe  Annnaire  pour  lS3i, 
■X  'SI,  -t  iw  *  \o*tn}  \  Mr.  ,Vluxandre  de  Humboldt,*'  1S40,  p.  12;  and 
'Saile,  u  ^Hbt:i^  Cow«:(tutMdintH]»  5.  221.)  In  reference  to  the  history  of 
^acKt  >  uiiKf,  t  r«tuaiu;jL  :o  be  uociced  that,  so  for  as  oar  knowledge  of  obser- 
vdiious  ..vit»»u*,  t  \*a*  :irT»t  ««i,  IT  Jun.  17S6,  by  Mechuin,  on  two  days: 
:h*.'u  ')y  Hiss  Cii-v*iiw  Horschel,  T — 2?  >*ov.  17*33  ;  then  by  Boavard,  Pons, 
4iKi  Ilu  h,  ^\i.  iO — Mov.  V-K  l^o  :  and  lastly — this  being  its  tenth  retora 
suit-xj  £s  .ascu\ffv  'yy  Mecbaiti  'u  l7S(j — from  the  20th  of  Norember.  iSlS. 
to  :h«.'  I.:  Til  H  'aiiuarv,  IS  I 'J,  bv  Poii*.  The  tirst  retnni  ealculaif^d  bfiTra- 
''«*«u  \v  1-iiicke  .\a*  obscrvt^i  by  Hiimker  at  Paramatta  (Galle,  Olbers  Methode 
vier  CjuKitMotiinnjii.  S.  ^15,  217,  221,  and  222\ — Biela's,  or,  as  it  is  alao 
v.-hilcu,  tjuiubar*  auti  Bieia  s^  iuCertor  cjuiet,  was  irst  seen  on  the  Sth  of  >Lirch, 
•-72,  by  Mwuiui^inj ;  liieu  by  Pons-  ju  the  1 0th  Qi  November,  IS05  ;  then 
ou   lilt'  27th  oi  bcbrtiary,   1{>26,  at  Josephstudt,  in  Bohemia,  by  Herr  vua 


KOTE3.  CJllix 

a  the  gth  of  March,  1S36,  ut  MELneillei,  by  GumbRrt.      Va- 

Sobtedly  Ihe  earlier  icdiscovertr  of  tha  comet  of  17;2  was  Bielo,  and  nnl 
imbart ;  bat,  oa  the  other  haaJ,  the  latter  determined  the  elliptic  etemenLa 
rjier  than  Bicla,  and  almost  aimidtaneaualy  with  Clausen.  (Aragii,  iti  Die 
nnuaire  ponr  1S33,  p.  18*,  and  in   lie  Comptes  Kendns,  T.  ii!.  1S36, 

.415.)  The  Qrst  precalealated  return  of  Biela'a  comet  was  ubseivR]  ii 
tob«r  aiidSeoembcr  lS32by  Hendersun.at  theCapeof  Goodnnpe.  The 
Iraonliutirj'  bipuiitiau  of  Blela's  comet  took  place,  on  iti  deveutb  reappcer- 
X  since  llTi.  it  the  end  oF  the  year  1S15.     See  Galle,  in  Oltieis,  8.  211, 

Is,  HU,  227,  and  233. 
l"^  p.  409.— Outliuea,  }  001. 
(^  p.  111.— Laplace,  Eipos.  du  S3Bl!lme  dn  Monde,  p.  396  aud  111. 

jtplace's  particular  Tiew  respecting  ramet^a  as  wandering  uebulo!  (petitea  ucbu- 
Ea  erraatca  dc  eystcmee  en  eyildmca  Bolaires)  is  opposed  in  many  nuyg  by 

0  adranccB  which,  unce  the  death  of  that  great  astrouomer,  have  been  made 

1  Kgard  to  the  resoliahility  into  crowded  uluslcrs  of  stars  of  bo  many  aobuia ; 

ilso  by  the  lurcumstaau  that  coineta  are  found  to  have  a  portiou  of 
ad  polarised  light,  which,  in  self-liitiiinoni  cusmical  bodies,  ia  entirely 
uling.  (Compare  Kosmos,  Bd.  iii.  S.  180,  320,  S29,  857,  Aam.  2S  ud 
,  and  S.  362,  Anm.  IE;  Eugl.  edit.  p.  122,  226,  234,  li».  md  lilii. 
tes  382  and  383,  and  [uxv.  :4ote  403. 

^  p.  11 2.- At  Babylon,  lu  the  learned  Chaldaan  school  of  aslrdogen, 
WbH  bm  with  the  Pythagoreans  aud  geuorolly  in  the  ancient  schools,  there  was 
a  of  opinicD.  Seocra  (Nat.  Qjia^st.  vil.  3)  adduces  the  oppubiic 
itemcnla  of  ApoUonius  Xyndius  and  Epigenca.  The  latter  is  a  writer  sulilnni 
med,  yet  Pliay  (vii.  67)  terms  him  "gmrii  auetor  in  primii,"  und  ho  is 
oned,  though  withont  praise,  in  Censurions  de  die  natati,  cap.  17, 
A  Stob.  Eel.  pbys.  i.  2S,  p.  BSO,  cd.  Hecren.  ( Compare  Lobeck,  Aglaoph. 
.  841.)  Diodorus  (iv.  60)  thought  that  Ibe  geiirrnl  and  prevailing  opinion 
the  Babylonian  astrologers  (Chaldffi.iDs)  was,  that  comets  retnra  at  Bjed 
Its  in  detErmmate  paths.  The  division  of  opinion  wbicb  prevailed  amoog 
t  Pythagoreans  respeeting  the  planetary  nature  of  comets,  and  which  ia 
licated  by  Aristotle  (Meteorol.  lib.  i.  cap.  S,  1]  and  Psen do. Plutarch  (De 
0.  Philoa.  lib,  iii.  cop,  2),  also  eitended,  according  to  the  former  (Meteorol. 
B,  2),  to  the  opinions  formed  concerning  the  nature  of  the  Milky  Way.— 
B  flhandoned  path  of  the  Sun,  from  which  Phaeton  was  precipitated.  (Cora- 
re  Lctronne,  in  the  M^m.  do  I'Acad.  dea  Inscriptions,  183U,  T.  xii,  p.  108.) 
H  opinion  of  leae  among  tht  Pytliagiweans  (juoled  by  Aristotle  woi,  that 
wot.  Ut.  A 
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fW)  p.  i21.— Kmthos,  BJ.  i.  S.  137,  142,  and  407.  Anni.  B5 ;  Engl.  ed. 
p.  132,  126—127,  and  iiiii.  Note  90. 

C")  p.  422.— See  tbe  opioiDna  of  the  Qreuki  an  the  fall  of  meteoric  ilonea, 
in  KosmoB.  Bd.  i.  8.  ISB,  139,  SyB,  397.  401,  402,  407,  dnm.  31,  3S,  39. 
67—59 ;  Bd.  ii.  S.  601,  Anm.  27  :  Eugl.  ed.  Vul.  i.  p.  123,  124,  iii.  ijii. 
iziii.  iivii.  and  mi.— iwii.  Notea  61.  6a,  69,  and  87-89  j  Vul.  ii.  p.  cvii. 
Vote  467. 

(^  p.  423.— Brnmlis,  Geach.  der  Oriechisch-Itoai.  Philoiophie,  Tb.  i.  S. 
&72— 277,  agaiait  Scliteir^rmiicher,  in  the  Abhaudl.  der  Berl.  Alad.  Bna  den 
J.  1804— ISU  (Burl.  1815),  S.  79-124. 

(^  p.  423.— U  Stohoua  ia  the  nine  passage  (Ed.  phja.  p.  508)  n»ke> 
Diogeoea  or  A|io1lo3ia  calt  th«  etara  "  bodiea  of  a  subatance  reaeinbling 
pamicB- stone"  (porous  atouai,  theiaforp),  this  deacriplion  mnj  have  been 
hToored  by  the  verj  prevalent  idea  in  antiquilj,  that  all  celestial  budies  nere 
hd  b;  bumid  eibalations.  The  Suu  "  gives  bock  tbat  ivbich  he  ]ji>'  suukeil 
op"  (Aristot.  Meteorol.  ed.  Ideler,  T.i.p.609i  Seneca,  Nat.  Qufest.  iv.  2). 
Tbe  "  pumioe-like  bodies"  seen  u  shooting  stara  were  alao  supposed  lo  hare 
their  own  eibalalioiii.  "  These  hwlics,  which  cannot  be  seen  so  long  as  they 
mnder  about  is  space,  are  slouea  which  kiudle  and  then  become  oitingniabed, 
When  they  fall  lo  the  earth"  (Plat,  dc  ptsc.  Fbilce.  ii.  IS).  Flin;  (ii.  B9) 
believed  that  man;  meteoric  stones  Tall — "  decidere  tamcn  ci«bro,  non  erit 
dnbium  :"  be  also  knew  that  their  fall,  while  the  air  is  clear,  is  accotDpanied 
b;  »  loud  noise  (ii.  43).  The  seemingly  analogous  passage  ot  Senecn,  in  nhich 
be  names  Anailmenes  (Nat.  Qusst.  lib.  ii.  IT),  refers  probably  to  the  Ibimder 
from  a  storm-cloud. 

("^J  p.  423. — Tbe  remarkable  passage  In  Plut.  r<ys.  cap.  13,  Iranelateil 
eloiely,  is  as  follDtvs : — "It  ia  a  prubable  opiuion  which  was  huld  bf  those 
who  said  that.  ahoaCing  stars  are  not  emanations  or  ovcrdowings  from  tbe 
Kthereol  Gre,  nbieh  become  eitingoiihed  in  the  nir  immediately  after  being 
kiadled ;  neither  are  tbey  produi^ed  by  ignitiou  and  combustloo  of  a  quantity 
of  air  which  baa  detached  itself  towards  the  higher  regioni ;  but  rather  they 
•re  heaccoly  bodies  which  fall  or  are  cast  dowii  in  eoosequcnce  of  an  iutei- 
mission,  or  irregularity,  of  the  force  of  rdtaliun,  and  are  precipitated  nut  only 
.  on  iuhkbiled  countries,  but  also,  and  in  greater  numbers,  beyond  these,  ioto 
,  so  that  they  ivmain  concealed." 
')  p,  423. — Oa  absolute  dark  bodies,  or  bodies  in  which  the  luminous 
I  ())criodically  ?) ;  on  the  opinions  of  modem  aiithoritiea  (LupUo* 
and  ou  Bcasel'a  observation,  coo&rmed  bv  Pclera  at  Koniga- 
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berg,  of  an  alteratiom  in  the  proper  motion  of  Proeyon, — see  Kosmos,  Bd.  Hi. 
S.  267—269  ;  EngL  edit.  p.  182  and  183. 

(•*)  p.  424.— Compare  Kosmoa,  Bd.  iii.  S.  42^~44,  and  64,  Anm.  17, 
Engl.  edit,  p,  33—35,  and  x.  Note  63. 

C^)  p.  424. — ^The  remarkable  passage  aUuded  to  in  the  text  (Plutarch,  de 
ikcie  in  orbe  Luns,  p.  923),  closely  translated,  is  as  follows : — "  Yet  the 
M«on  is  kept  from  (or  helped  aguiust)  falling,  by  its  own  motion,  and  by  the 
impttuoeity  of  its  rerolotion,  as  things  placed  in  slings  are  hindered  from 
falling  by  being  whirled  round  in  a  circle.*' 

(»)  p.  426.— Koamos,  Bd.  i.  S.  126;  Engl.  edit.  p.  112. 

C*^  p.  426. — Coulvier-Grayier  and  Saigey,  Becherches  sor  les  Etoiles 
ftlantes,  1847.  p.  69—86. 

{^  p. 436. — "Die  periodischen  Stemschnnppen  und  die  Resultate derEr* 
icheinungen,  abgeleitet  aus  den  wahrend  der  letzten  10  Jahre  za  Aachen 
angestellten  Beobachtungen,  von  Eduard  Heis"  (On  Periodical  Shooting 
Stars,  and  the  Results  derived  from  Observations  of  these  Phsenomena,  made 
during  the  last  Ten  Years  at  Aix-ht-Chapelle,  by  Edward  Heis),  1849,  S.  7 
and  26—30. 

(•")  p.  426. — The  assignment  of  the  North  Pole  as  a  centre  of  radiation 
or  point  of  departure  of  shooting  stars  in  the  August  period,  rests  only  on  the 
observations  of  a  single  year,  1839  (10th  of  August).  A  traveller  in  the 
East,  Dr.  Asahel  Grant,  writes  from  Mardin,  in  Mesopotamia,  that  about 
midnight  the  sky  was  as  it  were  furrowed  by  shooting  stars,  which  all  pro- 
ceeded from  the  vicinity  of  the  North  Pole  (Heis,  S.  28,  according  to  a 
letter  from  Herrick  to  Quetelet,  and  according  to  Dr.  Grant's  journals). 

{^^  p.  427. — This  superiority  of  the  point  of  departure  in  Perseus  over 

that  in  Leo  iu  respect  to  the  number  of  shooting  stars,  was,  however,  &r 

from  shewing  itself  in  the  Bremer  observations  of  the  night  13  to  14  Nov. 

1838.     In  a  very  rich  fall  of  shooting  stars,  a  very  practised  observer, 

Roswinkel,  saw  almost  all  the  paths  take  their  departure  from  the  constellation 

of  Leo  and  the  southern  part  of  Ursa  Major ;  while,  on  the  night  of  the  12th 

to  the  13  th  of  November,  when  the  number  of  shooting  stars  was  but  little 

inferior,  only  four  of  their  paths  proceeded  from  Leo.     Olbers  (Schum.  Astr. 

Nachr.  No.  372)  adds,  very  significantly  ;  "  The  paths  on  this  night  shewed 

nothing  of  parallelism,  and  no  reference  to  the  constellation  of  Leo  ;  and,  on 

account  of  this  absence  of  parallelism,  they  would  appear  to  belong  to  the 

class  of  sporadic,  not  to  that  of  periodic,  shooting  stars.      The  November 

phamomenon  of  this  year  could  not  indeed  be  compared  in  brilliancy  to  those 

of  the  years  1799,  1832,  and  1833." 
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^  p.  428.— Saigoy,  p.  151;  and  on  Ermou's  determination  of  the  points 
)f  "  coQVergoiioe,"  diametrically  apposite  to  the  points  of  radiatioa  or  de- 
partnfB,  Saigey,  p.  135—139. 

("*)  p,  42a. — lleii,  Period.  Sternschn.  8.  9.  {nompara  Ariatot.  ProHom. 
ii«i.  23  ;  aenecB.  Nat.  Queest.  lib.  i,  11 ;  "  rantBia  aienifloat  ilellarLUi  dis- 
carreatLum  iapEiu,  et  quideui  ab  ea  parte  qiia  eiumpit."]  I  myself  long 
belieted  (and  particular!;  wlule  I  ws«  stajin^  at  Marseilles,  at  the  time  of  the 
Preuch  Bipeditioa  to  ^gjpt)  in  the  influence  of  wind  on  the  dirediou  of 
ihoaling  atara. 

(«S)  p.  429  — Koamiia,  Bd.  i.  3.  895  j  Bngl.  edit.  p.  lu. 
(^  p.  129. — 1  am  indebted  for  all  the  part  of  the  teit  to  which  marka  of 
quutktion  are  appeudeii,  tu  the  kiud  commanicationi  of  Herr  Julins  Schmidt, 
Adjuoot  to  the  AstmnomicBl  Obaeniatary  at  Bdiid.     On  bis  earlier  inicetiga- 
,  tioni.  from  18t2  to  IS44,  aee  Snigcj,  p.  169. 

(«?)  p.  431.— Vet  I  saw  mj-ielf,  in  the  PaoiSo  (13S°  N.  lat.),  a  conaiderable 
fall  of  shooting  atard  on  the  ISth  of  March,  1S03.  Tno  itreBmi  of  meteors 
were  also  seen  in  thu  mouth  of  March,  in  China,  887  jeaw  before  our  era. 
(Koama;.,  Bd.  i.  S.  133  ;  Eiigl.  edit.  p.  116.) 

O  p.  1S3.— A  fall  of  shooting  atari  quito  limilar  to  that  of  1838,  October 
£1,  Old  Style,  of  nhiehtheyDiager  Bogiislawaki  fonnd  the  aceonnt  in  Benease 
de  HoroTio  Chroriicon  Eocle^itB  Pragomij  CKoamoa,  Bd.  i.  S.  133  i  Engl.  ed. 
p.  US),  U  dcBccibad  in  i  didciirsive  inaiiaer  ]a  the  celebrated  historical  ffnrk 
of  Duarte  Muoel  ilo  Liao  (Chruuicaa  dua  R^ia  da  Portugal  reToimadas,  Parte 
i.  Liib.  ISM,  ful.  137),  but  la  there  transferred  tu  the  night  frum  the  23d  (o 
tha  a3d  of  October.  Wore  two  streams  seen  DU  dilTerent  nights  in  Bohemia 
and  OB  the  Togua,  o;  may  wu  not  rather  anpposa  that  one  of  the  two  chroni- 
elera  w.-vs  lu  error  by  a  day  ?  I'he  following  arc  the  words  of  the  Portuguese 
hiatorian ;— "  Vindo  a  aano  de  1366  aciulo  andados  uii  diaa  do  mes  de 
Oetubro,  tree  me^es  antes  do  fallecimento  del  Bei  D.  Pedro  (de  Portngal),  so 
fei  uo  ceo  huic  movimeuto  de  estrellaa,  qual  os  homics  uio  virao  nent 
ouviriio.  E  fiii  qna  desdd  m?a  noite  por  dlante  correrlo  todilaa  atrellas  do 
Levanla  para  o  Poneule,  e  auabado  de  Berem.  juntas  come^rio  a  correr  hamaa 
pua  hums  parte  e  oulras  para  oulra.  E  despoia  deacerao  do  ceo  tantas  e  lam 
ipesses,  qiid  tanto  que  furJu  hii\aa  no  ar,  psreclau  grandet  fogneiras,  e  qua  o 
CBD  0  0  ar  urdiao,  «  qiiu  a  mciiaB  terra  qaerla  ai'dcr.  0  ceo  paiecia  partido 
eni  innito  8pB;o.  Oa  que  Isto  vi«o,  houTcrio  tam  grande  medo  o  pavor,  que 
ataiao  comu  attonitos,  g  euidario  todoi  de  ler  mortoa,  e  que  era  fiuda  a  Gm 
do  inuudo." 
l"»)  p,  433.- Still  oltt.cr  coincidonces  in  point  of  time  might  haTB  been 
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if  tliej  had  been  kii«im ;  for  ezAoipk,  the  stranat  of  meteors  obierfed 
bj  Kloden.  tt  PottdAm.  1823,  12—13  Nor. ;  by  B^rard,  on  the  Spanish 
eoast,  1831,  12—13  Not.  ;  and  bjr  Coant  Suchtelii,  at  OrenbarR,  1832,  Nor. 
12—18.     (Koimoa,  Bd.  I  S.  129,  EagL  edit.  p.  lU;  and  Schamacher's 
Aatr.  Naehr.  No.  803,  S.  242.)    The  great  phtmomeaoa  of  the  11th  and 
12th  November,  1799,  described  by  Bonpland  and  myself  (Voyage  aax  B^ 
gioos  ^ninoxiaks,  livre  !▼.  diap.  10,  T.  W,  p.  84 — 68,  ^.  in-8ro.),.  lasted 
from  2  h.  to  4  h.  a.m.    Thronghoat  oar  entire  jonmey  throogh  the  forest 
region  of  the  Orinoco,  and  as  far  south  as  the  Rio  Negro,  we  found  that  this 
extraordinary  fall  of  meteors  had  been  seen  by  the  missionaries,  and  in  soine 
eases  had  been  noted  in  their  eeclesiastiGal  records.     It  had  also  been  seen 
and  had  astonished  the  Esquimaux  in  Labrador  and  in  Greenland,  as  &r  as 
Liehtenan  and  New  Herrnhut,  in  latitude  64°  14^    This  phsenomenon,  which 
was  Tuible  in  America  at  the  same  time  at  the  equator  and  near  the  polar 
cirde,  was  also  seen  in  Europe  by  the  Minister  Zeising,  at  Itterstedt,  near 
Weimar.    The  periodicity  of  the  stream  of  St.  Lawrence  (10th  of  Aognat) 
did  not  draw  general  attention  until  much  later  than  the  November  phsno- 
menon.    I  have  collected  with  care  all  the  accounts  with  which  I  am  ac- 
quainted, of  aoeurately  observed  and  considerable  falls  of  meteors  of  the  12th 
to  the  13th  of  November,  up  to  1846.    I  find  fifteen  such  falls :— in  1799, 
1818, 182^,  1823, 1831, 1832, 1833, 1834, 1835, 1836, 1837, 1838, 1839, 
1841,  and  1846.     All  which  difEer  more  than  a  day  or  two — as  Nov.  10, 
1787,  and  Nov.  8,  1813 — are  excluded.     This  degree  of  periodicity,  almost 
to  a  single  day,  is  the  more  surprising,  because  bodies  of  such  small  mass  are 
to  easily  liable  to  perturbation,  and  the  breadth  of  the  ring  in  which  the 
meteors  are  imagined  to  be  included  may  comprise  several  days  of  the  Earth's 
course  in  itii  orbit.    The  most  brilliant  November  streams  have  been  those  of 
1799,  1831,  1838,  and  1834.     [Where,  in  my  description  of  the  meteors  of 
1799,  it  is  said  that  a  ball  of  fire  had  a  diameter  of  1°  or  1^°,  it  should  have 
been — 1  or  li  diameters  of  the  Moon.]    This  is  the  place  for  mentioning 
also  the  ball  of  fire  which  attracted  the  special  attention  of  Monsieur  Petit, 
Director  of  the  Astronomical  Observatory  of  Toulouse,  and  of  which  he  has 
computed  the  revolution  round  the  Earth.     (Comptes  rendus,  9  Ao6t  1847 ; 
and  Schum.  Astr.  Nachr.  No.  701,  S.  71.) 

P")  p.  437.— Forster,  M^moire  sur  les  Etoiles  filautes,  p.  31. 

P^O  P-  438.— Kosmos,  Bd.  i.  S.  131  and  405  ;  Engl.  ed.  p.  116  and  nix. 

(^  p.  438.— Kamtz,  Lehrbuch  der  Meteorologie,  Bd.  iii.  S.  277. 

P«0  p.  439.— The  great  fall  of  aerolites  of  Crema  and  the  banks  of  the 


bi.'CD  describeJ  wUh  great  litdinqsa,  but  onforlunalelj  in  too  rhulo- 
lieal  a  niannei',  nod  with  i  gmt  wiut  of  ciearness,  by  tliu  cdebruteJ  PetiDi 
Marlyr.  uf  Anghiera  (Oj-iu  Epiatolnrura,  Amst.  16T0,  So.  rctrfiv,  pag.  24t 
—346).  The  bll  or  atones  nis  immeitiati:]y  preceiled  by  au  almost  totikl 
obscutation  ol  tbu  Snn  iit  noon,  on  the  4lh  of  September,  1511.  "  Famaeit. 
PBVDDeui  immeosum  in  aerea  Crenieusi  I'hgti  fuitse  visum.  Puvo  visua  in 
pytsmidem  coQTerIi,  nddique  celeri  ah  occidontB  in  orienlem  raptari  cnrsu,  nt 
in  borro  momento  mngnam  hemiBpbieri  partem,  docloruni  Lns|)iM.-tantiam  un- 
tentia,  pervolaese  crcdstur.  Ei  nubium  illico  delimitate  tenobrai  fenint 
■uneiis^e,  qiiaiei  riTcntlum  cullus  nnquani  k  cognovisH  fatiatar.  P«t  nm 
aoctis  faeiem,  cum  formidolusis  lulguribuB,  insadita  tamtrua  regiaoem  (.'ircum- 
sepsenint."  The  temporary  ilbiminalioai  were  an  intense  as  to  enable  the 
inhabitants  round  Bergamo  (o  see  lbs  whole  plain  of  Crcma  during  the  dark- 
neaa  which  othcnrisa  prevailed.  "  Ei  borrendo  illo  fragore  quid  irata  nfttun 
in  Qnm  regioncm  p«pcrerit,  pereunctaberis.  Saia  demisit  iu  Cremenai  plauitM 
(ubi  iiullus  unquam  [cquana  ovum  lapis  risus  (uit)  imnieustc  magniludinU, 
poaderis  egrejfii.  Decfoi  fuisaa  reperto  Bentrilibmlia  laia  ferunt."  Birds, 
■hrep,  and  bteu  flab,  ncre  killed.  Among  all  these  exagite  rat  Ions,  ne  can  still 
recognise  that  the  mcteorie  cluud  from  which  the  alonts  (ell  must  liave  boeu 
of  DncomiiiDu  blackucai  and  density.  The  "  I'avo"  was  doubtless  a  ball  of 
fire  with  a  train  or  tail  both  wide  and  loug.  The  tremeniloU)  naisa  issuing 
from  the  mrleorlc  cloud  is  here  deicribal  u  the  Ihonder  accompany  lug  the 
lightnings  (?).  Anghiera  received  biniBclr,  in  Spain,  a  fragment  Ibe  alio  of  a 
maa'a  £st  (ei  frustis  disruptorum  suorum),  and  shewed  il  to  the  King,  Fer- 
dinand of  Arragon,  in  the  presence  of  the  celebrated  warrior,  Oonialo  de 
Cordova.  His  letter  concludes  with  the  words  "  mira  super  hisee  prodjgiii 
cooEcripta  bnatiee,  physlce.  theoluglce  ad  uoi  mls^ia  sunt  ei  Italia.  Quid 
portendant,  qDomodoque  gigoantur,  tibi  utraque  servo,  li  oliquando  ad  aos 
Teneri*"  (written  from  Burgos  to  Fagiarilua).  CardaDua.  tpcaliiug  still  mora 
praeiKly  (Opera,  ed.  Lugd.  1BC3,  T.  iii.  lib.  it.  cap.  72,  p.  2T9).  aUtes  that 
there  fell  1200  aerolites,  and  that  amoug  them  was  one  ncigliiog  ISOpoaods, 
very  dcaie,  nnd  of  a  blackness  like  that  uF  iron,  lie  also  says  that  the  noise 
lasted  two  hours :  "  ut  mirum  sit,  tantaui  luolem  lu  aere  suslincri  potulsae." 
He  lakes  the  ball  of  fire  with  a  tail  or  train  for  a  comet,  and  niakca  the  mii- 

take  of  a  year  in  the  date  of  the  phiDUomenon  :  "  Vidimus  auiio  1510 " 

Cardauns  was  between  nine  nnd  ten  yeara  old  wheu  it  oecunvl. 

C"')  p.  439.— Recentlj-,  in  the  fall  of  aerolilea  at  Biaunau  (July  1*,  1847), 
^^Abe  ma^ea  of  stone  which  tell  were,  lii  hours  afterttunls,  siill  so  hot  tbat 
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ibey  eonld  not  be  toached  without  bonuig  the  hand.  I  have  already  treated, 
in  mj  A  tie  centrale  (T.  i.  p.  408),  of  the  analogy  presented  by  the  Scythian 
■lytb  of  "  the  sacred  gold"  to  a  fall  ot  meteors.  "  Targitao  filios  fdisse  tres, 
Leipoxain  et  Arpoxaiu,  minimamqae  natu  Colaxain.  His  regnantibas  de 
eslo  dclapaa  aurea  iDstrumenta,  aratmm  et  jagum  et  bipenoem  et  phialam* 
decidisse  in  Scythicam  terram.  £t  iQomm  natn  maximam,  qui  primus  con- 
tpe xiM«t,  propitis  accedentem  capere  ista  Tolnisse ;  sed,  eo  accedente  aarom 
anitse.  Clao  digresso,  accessisse  alteram,  et  itidem  arsisse  anrum.  Hoi 
igitur  ardens  anram  repadiasse ;  accedente  vero  natu  minimo,  fuisse  exstine- 
turn,  hiinrque  illud  domnm  suam  contalisse  :  qua  re  intellecta,  fratres  majorcB 
oltro  nniversum  regnum  mioimo  natn  tradidisse"  (Herodot.  iv.  5  and  7i 
according  to  the  Tersion  of  Schweighanser).  But  perhaps  the  myth  of  the 
sacred  gold  may  be  only  an  ethnographical  myth,  containing  an  allusion  to 
three  king's  sons,  ancestors  or  founders  of  three  tribes  of  Scythians  (?}, 
and  to  the  pre-eminence  attained  by  the  tribe  of  the  youngest  son,  or  that  d 
,  the  Paralati  (?)  (Brandstater,  Scythica,  de  aurea  caterva,  1837,  p.  69 
and  81). 

C*)  p.  4il. — Of  metals,  there  have  been  discovered  in  meteoric  stones,— 
nickel  hf  Howard,  cobalt  by  Stromeyer,  copper  and  chrome  by  Laugier,  and 
tin  by  Berzelius. 

P*)  p.  4*2.— Rammelsberg,  in  PoggendorflTs  Annalen,  Bd.  Ixxiv.  1849,  S. 
442. 

C^  p.  445. — Shepard  in  Silliman*s  American  Journal  of  Science  and 
Arts,  2d  series,  Vol.  ii.  1846,  p.  377  ;  Rammelsberg,  in  Poggend.  Ann.  Bd. 
Izziii.  1848.  S.  585. 

C«)  p.  445.— Compare  Kosmos,  Bd.  i.  S.  135 ;  Engl.  edit.  p.  120. 

(7")  p.  446.-— Zcitftchrift  der  deutschen  geolog.  Gesellschaft,  Bd.  i.  S.  232. 
Ail  those  parts  in  the  text,  between  p.  442  and  p.  445,  which  are  distinguished 
by  marks  of  quotation,  are  taken  from  Professor  Bammelsberg's  manuscripts 
of  May  1861. 
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■KOLiTia,  p.  4IS — IW  uid  cl.-^Ivl.  (Nous  STt*— 7D0).  Ophilana  of  the  ni 
cients  coimrning,  p.  433—421  and  ell.  (Nots  ea3-6B4).  P<tiiHUL'iil  falli 
■nil  "ndistion"  of,  p.KS — 133.  Height  above  the  Earth,  p.  433—13' 
Velocity  of,  p.  434.  Coloara,  combmtLon.snd  trainior.p.  43fl-43a.  Descri; 
lion  orpartlcalsr  falls  of,  438—440.   CbemtcBl  and  mineni1<^i»l  compOBitio 


.SlhCT,  Grwk  views  of  an,  p.  33—35  end  i.  (Note*  fll-63.) 

ArKeluider,  Table  of  variable  atara  aod  remirlis  by 

p.  lfll-171. 

Ariitotle,  on  (he  order  (wd  covernment  of  the  Uolverae,  p.  13—13.  Oh  Com 

p.  csliv.- cxivi. 

d  "aerolite*." 

Astropioay,  p.  37— Msand  U.— icii.  (Nolea  49—1 

9).  CTasiifieation  nf  aubj 

OflhoGreeLB,  p.  lM-10 

influence  on  Ibe  light  of  stars,  Sic.  p.  SO— 67  as 

xu.(Nolel3S.) 

Biela's  comet,  bt-partition  of,  p.  4<H— 407. 

Bode'a  low  of  the  relative  distances  of  planets  from  tbe  ran :  Oflsht  to  be  Ca 

tary  uateia,  p.  319-329  and  ciii.— cxxi.  (N'ote 

Calendar,  EByptian,  p.  Hit.  Note  air.   Meidc«n,  cut 

i.  (Note  S34). 

Catalofuet,  or  tablet  of  atari,  p.  Vi—BB. 

CatalojiiB  of  partial    itar-elnilen,    p.  ia>-ia3. 

Ofv.riable.tara,  p.  161-171. 

Cata]oiineof«t»r«,p.  90-98  and  xlH.-lii.  (Notes  1 

Central  ran,  or  centre  of  gravity  of  the  whole  aid 

real  heaven.,  p.  195-19S 

Ixxii.  and  Ixxili.  (Notea  3S7  and  S3S). 
ChlneunaticnsofnegtortempDraryilarB,  p.l3a,13B,14S,  Ofconiela, 
f^usiBcation,  of  tubjecla  in  AatroKnoay,  p.  19 .  Of  besvenly  bodies 

domain,  p.  Ml— Ms. 
ClMlen  of  itara,  p.  119-134,  litii.— Uiy.  (Nol«a  Ul  and   151). 

Coil-aacki,  p.  154— UT  and  idl.  (NotH  4S0  and  498). 
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Comets,  p.  <94— 412,  and  cxli.— di.  (Notes  645 — 678).  Vibratory  motion  of 
effluxes  of,  p.  xiii.  (Note  83).  Unite  smallneas  of  mass  with  the  occapttion  of 
Tast  space,  p.  397.  CJhinese  and  Mexican  accounts  of,  p.  398—400.  Bida's 
comet  seen  to  divide  into  two,  p.  405—407  and  cxlyii.  (Notes  669  and  670.) 
Interior,  p.  408—410.  Table  of  interior,  p.  410.  Chronologry  of  brig^ht,  p. 
cxlii.  and  cxliii.— cxlvi.  (Notes  649  and  656.) 

Constellations,  introduction  of,  p.  101—105  and  liii.  (Note  197.)  The  constdla- 
tion  of  the  southern  cross,  and  search  after  a  southern  pcde  star  and  soathem 
Wain,  p.  Uxxlii.— Ixxxiv.  (Note  401.) 

Cyanometer,  p.  xxxix; 

Crystal  sphere,  see  "  Sphere,*'  and  p.  liy.— Ivi.  (Notes  200  and  902.) 

Descartes,  "Traits  du  Monde,"  p.  19—20. 
Double  stars,  see  "  Stars." 

Earth,  numerical  data  relating  to  the,  as  a  planet,  p.  851.  Influence  of  the  incli- 
nation of  its  axis  of  rotation  on  climate,  p.  327 — 331. 

Ecliptic,  increase  or  decrease  of  its  obliquity  restricted  withfai  narrow  limits, 
p.  330—333  and  cxxii.  (Note  534.) 

Electricity,  its  relation  with  light,  heat,  and  magnetism,  p.  35—289. 

Encke's  comet,  its  period  of  rerolution  diminished  by  a  resisting  medium, 
p.  40—41  and  xiii.  (Note  83.)    Description  of,  p.  cxlvii.  (Note  667.) 

Ether,  see  "  ^ther,"  and  p.  34—35, 36,  39—41,  xiii.— xiy.  (Notes  83  and  86.) 

Etymology  of  the  terms  signifying  fixed  stars,  p.  28.  Of  epithets  applied  to  an 
iBther,  p.  33—35  and  x.  Of  names  of  stars,  p.  Ix.— Ixi.  (Notes  218  and  219.) 
Of  names  and  terms  applied  to  different  planets  and  to  the  days  of  the  week, 
cvi.— cxiv.  (Notes  504—510.) 

Eunomia,  recent  discovery  and  elements  of,  p.  456. 

Editor's  note,  terrestrial  magnetism,  p.  36. 

Fire-balls,  p.  435—438. 

Fluctuation  of  stars,  p.  55—56  and  xxii.— xxiii.  (Notes  113—114,  and  453.) 

Galaxy,  see  Milky  Way. 

General  remarks  on  the  treatment  of  the  Cosmos,  p.  9—11. 
Greeks,  views  of  the  Cosmos,  or  of  Nature,  by  the  different  schools  of  philosophy 
among  the,  p.  11—16. 

Irradiation,  phenomena  of,  p.  358  and  cxxix.  (Notes  578  vnd  579.) 
Jupiter,  p.  375-378  and  cxxxv.— cxxxvi.     Satellites  of,  see  "  Satellites."  Bdts, 
p.  377—378  and  cxxxvi.  (Note  617.) 

Kepler,  his  early  views  respecting  attraction,  his  mathematical  genius,  &c.  p.l8— 
19  and  v.— vi.    His  "  laws,"  p.  450—451 . 

Light  proceeding  from  different  sources,  refractive  properties,  p.  55.  Wollas 
ton's  lines,  p.  45.  Optical  means  of  distinguishing  direct  from  reflected 
light,  and  their  importance  in  physical  astronomy,  p.  46—47  and  xvi  -xvil. 
(Notes  98-102),  283—287  and  cii.— ciii.  (Note  483.)  Velocity  of,  and  differences 
of  velocity  according  to  the  source  of  the,  p.  46,  72—77,  xxx.  and  xxxiv. 
(Notes  136—146.)  Experiments,  Wheatstone,  p.  46  and  75—76 ;  Fizeau,  72—74; 
Walker,  76—77.    Effect  of  a  fainter,  being  phiced  by  the  side  of  a  brighter. 


p.  49-; 


X.  (Nolei 


lomctry"  and  "ScintiJIatiDn.''  Of  tbe  Sun,  onticeDlre,  at 
or  lu  ipoU,  p.  uivii.  (Note  Ifll),  2«a— KS  ind  ciil.-civ.  (N> 
Diminutioni  or  olncDnliaiii  at  Ihe,  of  the  Sun  recurdcd  bjr  ii 
-283  and  xcvill.— cli.  (NoCetSl.)  StreHEIh  of  thi  Sun'i,  o 
pluieta,  p.  317—338.    Zudliol,  sea  ■'  ZodisciL" 


H)igel]«nic  elands,  p.  313-310 

348-M4.  «>a«d.  (Note  44). 

Uagnellsm,iUrel«lonwilh 

(ht.  heat,  and  electricity  i  an 

1  whether  terreatrial 

FarunipieCii:  properties  o 

foiygen,  p.  369-99. 

M.y»,  .l.r,  p.  9S-W. 

Mare,  great  elllpliclty  of,  u  c 

m  pared  wilh  its  period  of  roll 

ion,p.aiO.    Special 

notice  of.  p.  389-371. 

oriatlon  of  lis  surface  wilh 

change  of  aesion, 

p.  STO-371. 

Hereiiry,  p.  346- 3tS  and  cx.1i 

—ciixv.  (Xotes  353  and  S36.) 

'  Fireballs." 

UicroioelerB,  and  oilier  mem 

ring  iaitrumcnta,  lint  inlroduclion  of,  p.  41, 59, 

63,  and  nv.lNotes  91-93 

Middle  ages,  views  of  natural 

Milky  Way,  p.  ia*-l3l.  xiiL 

NDte8l),I>lv.-lxvi.  (NoteiSi 

5-M5.) 

351-333.    Reflected 

loJar  light  from,  p.  3S1-3 

3.  Reflected  solar  heat  from 

p.  153—154.    Earth- 

light  OB  the,  p.  334-3». 

Eclipses  of  the,  p.  3M— 337. 

by  the,  p.  337-338.    Cbaraeter  of  surface  and  loounlah 

.,  &c,  of  the,  p.  339 

-M7.  Absence  ofwaler. 

367-368.    Effect,  of 

the,  on  the  Earth,  p.  368. 

Motion,  proper,  of  died  stars. 

p.  178-1B5.    Ofsolarsjstem 

p.  191-198. 

Music  of  Ihe  spheres,  p.  31S— 

17.andav.(NoteS1l.) 

NebuU  io  Orion,  p.  310-333 

140-313.     In  Andromeda, 

.  113-113,  319-311, 

uidliKv.  {Note  403,)    A 

■oundnArgds,  p.  343-344. 

In  Cygnns,  p.  341.     In  Vulpea,  p.  944,     Spiml  nebuU 

in  Canii  Veiialicnsi 

Nebnls,  p.  313-338,  and  Ixiyi 

i.-icil,  lNote*,S5S-459.)    Whether  all  areremole 

i»i.  (NoieaSBland 

IBS.)    Historical  account 

f  ourknowle-lgeof,  117-3W 

andlwiiii,-lu«. 

(Note  401.)      Simon  Mar 

ui,  and  Galileo  on,  p.  319-33 

.     Huy«en,.  Haliey, 

Caarini,  Lacaille,  and  Me 

sleron,  p.  371— 313,  and  314. 

William  and  John 

Henchelon,p.314-Mj. 

The  Earl  of  Eos«  on,  p.  315- 

-336.    Number,  po.i- 

p.  319-333,  and  bmxil.-lxwi 

i.(Noleil91,lllS,and 

of,-round,  annular,  spiral,  be.  p.  133-338 ;  smor- 

phone  or  irregular,  p.  318 

-113,  and  346. 

Nebular  hypothecs,  p.  S17,  336-339.    Kant  and  Lambert  o 

Neptune,  p.  390-393.    Note  reipecliog  discovery  of,  p.  cui 

Ji.     Bateliite)  of,  p. 

393-393. 

New  star*,  aee  Stira. 

Newton,  doclrine  of  gravitatia 

■a.  p.  11 -JS,  and  rii.-ylii.  (Notes  40-M.) 

Pinllaiof  surs,  p.  IM-iM 

Method  of  determining  lb 

panllai  of  douhle 

itan,  p.  131-193,  and  434 

Or6ICygQi.p.l«ii.tXolei 

308-110.) 

ivL-aiin.  (Note.  136-166). 

clx  INDEX. 

Photometric  arrang^ement  of  the  fixed  stars  by  Sir  John  Herscbel's  method,  p. 
xL— xlv. 

Planets,  general  riew  of  the,  p.  296-338,  and  civ.— cxxiii.  Special  notice  of,  p. 
344, 845—893,  and  cxxIt.— clxi.  Views  of  the  ancients  respecting  the,  p.  297— 
301.  Names,  epithets,  recognnised  number  of  the,  and  days  of  the  week  and 
hoursconnected  with  them, -^Mth  in  antiquity  and  also  among  the  Indians 
and  other  nations,  p.  cvi.— cxv.  (Notes  605  and  506.)  Number  and  epochs  of 
discovery  of,  p.  297—304.  Table  of  dates  of  discovery,  p.  802—304.  Distribu- 
tion into  two  groups,  p.  304—309.  Magnitudes  and  figure,  p.  309—312.  Dis- 
tances from  the  Sun,  p.  313—322.  Kepler  on  the  intervals  between  the,  p. 
317—318,  and  cxvi.  (Note  519.)  So-called  "  law  of  Bode,"  of  the  distances  of 
the,  p.  319—322,  and  cxix.— cxxi.  (Notes  523—525.)  Masses  of  the,  p.  322— 
823.  Density  of  the,  823—324.  Periodsof  revolution  and  rotation  of  the,  p. 
824—326.  Inclination  o(  the  orbits  of  the,  and  their  axes  of  rotation,  p.  326— 
333.  Excentricityof  theorbitsoftbe,  p.  333— 337.  Strength  of  Sun*8  light 
on  the  different,  p.  337-338.  Group  of  small,  p.  803,  804,  805,  306, 314,  333, 
338,  339.  Special  notice  of  the  group  of  small,  p.  371—875,  and  cxxxiv.— 
cxxxv.  (Notes  603—611.)  Table  of  elements  of,  p.  878.  Addition  to  this 
group  of  the  newly  discovered  small  planet  Eunomia,  p.  45(>. 

Planetary  system,  elements  of  stability  in,  p.  447—452;  and  generally,  see  "  Solar 
Domain." 

Plato,  his  views  of  the  Cosmos,  p.  13 ;  of  the  harmony  or  music  of  the  spheres, 
p.  315. 

I^larisation  of  light,  p.  46— 47,xvi.— xvii.  283—287  and  cii.— ciii.  Aragoon,  p. 
eii.— ciii.  (Note  483.) 

Proselenes,  supposed  existence  of,  p.  318—319,  and  cxvii  — cxix.  (Note  522.) 

Pythagorean  view  of  the  Cosmos,  p.  12—13 ;  and  of  the  music  of  the  spheres,  p. 
315—317. 

Rays,  apparent,  of  the  stars,  p.  50, 109—111. 

Retrospective  glance  at  the  two  first  volumes  of  Cosmos,  p.  3—8. 

Satellites,  generally,  p.  338—343.  The  Earth's,  see  Moon.  Of  Jupiter,  p.  379— 
nsi.  Description  of  them  by  Galle,  and  account  of  their  being  seen  by  the 
naked  eye,  p.  xix.— xx.  (Note  105.)  Of  Saturn,  p.  385—387.  Of  Uranus,  p. 
388—390,  and  457.    Of  Neptune,  p.  392—393. 

Saturn,  p.  381— 3S5,  and  cxxxvii.— cxxxviii.  Belts,  p.  381—382.  Ring,  p.  382- 
885.    Excentric  position,  p.  384.    Satellites,  p.  385—387. 

Scintillation,  phsenomena  of,  p.  67—71.  Arago  on,  p.  xxvii.— xxix.  (Note  129.) 
Garcin  on  the  absence  of,  in  the  sky  of  Arabia,  p.  xxx.  (Note  135.) 

Sinus  (Sothis),  change  of  colour  in,  p.  112—114,  and  453,  lix.— Ixi.  (Note  218.) 
Light  of,  p.  84.  Constellations  of  the  southern  hemisphere,  p.  116—117,  and 
Ixii.  (Note  230.) 

Solar  Domain,  general  view  of,  p.  259—266,  and  259—452.  Classification  of  bodies 
belonging  to,  p.  264—265.    Elements  of  stability  in,  p.  447—452. 

Solar  system,  its  motion,  p.  181,  and  193—198. 

Space,  cosmical,  p.  30—42,  ix.— xiv.  Only  portions  of  it  measurable,  p.  31.  Tem- 
perature of,  p.  36—39,  xii.— xiii.  (Notes  71—77.)  Limited  transparency  of,  p. 
39— 40,  xiii.  (Note  78.)  Resisting  medium  in,  p.  40—41,  xiii.— xiv.  (Notes 
78-86.) 

Sphere,  inlaginary  crystal,  p.  106—108,  and  liv.— Ivi.  Music  of  the  spheres,  p. 
315—317,  and  cxv.  (Note  511.) 


atari,  flsfd,  not  renlly  fined,  p.  27.  Ktymolng?  o( 
18,  106— 107,  ii.  (Note  SI.)  TbBir  dlitancu  sn 
lion  of  beat  from,  p.  S7,  ini]  xil.  [Notea  Tl  and  73.)  Fictltioni  dlsmelen  and 
nyiofip.  SO,  lOB— III,  sndni.  (NotalW.)  SpiirkliiigorKmtiUUianor,p.eT 
— Tl,  tmO  xxvli.— xxx.  (Notea  139—136) ;  see  "  Sctntillation."  Rare  phsnome- 
non  or  apparent  flucCnatton  of,  p.  SS'-St,  x&li.— ixiii.  (Nolea  IIS  and  lU),  and 
4Sa.  Magnilndei  of,  p,  79— SS,  80,  and  plioMmetrlc  Wbleof  ditto.p.  il.— ilv. 
IJEhl  of,  see  "  Pholometry."  Number  of,  viaCble  to  tbe  unissisted  eye,  »nd 
nomber  of,  entered  in  maps  or  catalognei,  p.  88—100,  and  liti.- lii.  (Notea 
170-IM.  Maps  of,  9S-99.  CaUlopiea  of,  90-08,xlU«na  II.— Hi.  (Voles 
177  and  1S4— 187.)  Approiimate  aitimaUon  of  entfre  nomber  of,  viiiblewlth 
our  present  teleacopH,  p.  99— IDO.  Colour  of,  111—119,  Iviil.— llx.  (Notes 
an  ind  Hi),  p.  lOS-ail,  and  Ixxii.-lxvli.  (Nolei  317-353.)  Distribution  of, 
p.  lis— 119,and  130—131.  Proper  motion  of,  p.  178— IBS.  Parallai  of,  p. 
St— 1B2,  and  Ixxl.— luii.  (Notea  308—310),  and  aee  •'Parallax."  Star- 
lii8lBr8,p.  119— 134,  and  see  "Omler*."  New  or  newly  appeared,  p.  91, 
13— 15Z,  and  L(tI.— Ixviii.  (Notea  367—273.)  Vanisbed  and  temporary,  p. 
113.  SnpiHMied  dark,  p.  183— IBS,  and  lixv.  (Note  39J.)  Doobla  or  multiple, 
114,  and  lniv.— Inyiil.  Distinction  between  optically  and  pbyslcally 
?.I09-30(),  and 306-207.  Nnmbeiof  doable, p.  309-308.  Motion* 
c,  p.  309-307.  Distribution  of  double,  p.  307—308.  Differencei  of 
r  danble,  p.  108—311,  and  luvi,— buyli.  (Notes  313-349.)  Calcn- 
'  Wed  elemeow,  orbits,  and  periods  of  icyeral  donble,  p.  911-114,  and  4M— 
:lo,  p.  114  and  4SS.  Evlieat  recognition  of  a  double  star 
(aCrocis),  p.  Ixiiv.  [Note401.) 
in,  the,  ae  a  central  body,  p.  397—395,  and  idli.— cIt.  (Notea  491-493.)  Nn- 
merical  data,  p.  369-371.  Deacrlptlon  of  its  effects  on  tbe  Eirtli,  p.  36I-- 
369.  Passage  from  Sir  J.  Herschel  on  the  aaiue  subject,  p  li.  (NoIe6T.) 
Tbermo-eleciric  or  nwftnelic  etTecta  of,  p.  389-2M.  Numerical  data  relatinn 
to,  p.  269 -2TI,  andiciii.  Physical  character  of  itasur&ce,  envelopes,  apots, 
petiotnbns,  facutc,  &c.  p.  in— 395,  and  xdii.  xciii.  (Notes,  les— 481.)  Ob- 
•cnratlons  of  tbe,  related  by  annalists,  p.  3B1— 933,  andxcrili.- dl.  (Note  481.) 
BiperimentBanddiscnsBionBOnthelishtDftbe.Btdifrcrenlpirtaoftbedilk, 
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p.  191. 

Parallaxes,  p.  190.    Elem 

enta 

of  orbit,  of  dooble  atiira. 

.111  and 

455.    Photometric  tables  of  Blon 

corded 

by  annalists,  p.  xcvlii.- 

Chronological  ti 

ble  of  diac< 

planets 

and  utellites,  p.  SUl-aoi. 

or 

mau  plme 

a.  p.  Mi. 

or  tbe 

nlerior  comets,  p.  110. 

eacopea 

entionof,  andCD 

nseqnent  a 

Irun 

ental  mans  of 

t  applied 

to,  p.  43—41, 63-64,  and  xi.  (Nales  91 

-93).    Erector, 

onthe"ap 

"facti 

oos"  dlaka  or  diameters  o 

,  p.  SO  and  ixi. 

Note  106), 

Tiaibil 

y  of  stars  in  Ihe  dayllm 

Arago, 

p.  nr.— ixTii.  (Note  138.) 

nicript  of  Arag 

onthephe 

omenaof 

tlonof»t«raio,p.xxvii.- 

Mix 

(Note  lis.)    Ml 

al  objects 

rtaible 

nllhourpresent,  p.  Ulan 

ivi 

(.\olelll.l    Gn 

at  length  of 
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cllii  INDEX. 

aod  ixiii.  (Note  117.)  Earl  of  Roue's  great,  ard  results  t^«*«of  as  respects 
oar  knowledge  of  nebulc^  p.  63—64, 235—2^6,  and  Lxzx.-  .  xiii.  (Notes  383 
andSSS.) 

Temperature  of  space,  and  its  rdation  to  that  of  the  Earth,  p.  36—89,  and  xii. 

xiii.  (Notes  71—77).   How  the,  of  the  Earth  may  have  been  or  would  be 

affected,  if  our  San  were  a  variable'  star,  p.  177 ;  by  the  spots,  &c.  of  the 
San*s  disk,  p.  277—278  and  293 ;  by  the  present  or  a  different  obliquity  of  the 
ediptic,  p.  327—831 ;  and  by  the  change  of  position  of  the  line  of  the  Aspides, 
p.  334—386.  Supposed  temperature  of  the  Moon,  p.  338.  Of  Ckmiets  at  their 
perihelion,  p.  401—402. 

Tubes,  long,  their  employment  in  astronomical  observations  before  the  inventioa 
of  telescopes,  p.  44 — 15  and  xv.— xvL  p.  133—136.  (Note  94.) 

Variable  stars,  p.  147, 1S2-177,  and  Ixviii.— Ixx.  (Notes  274—289).  PerlodicaUy, 
p.  153—172  (Notes  155—281).  Table  of,  by  Argelander,  p.  I6l ;  and  com- 
ments  thereon  by  the  same  astronomer,  p.  162—171.  "  Periods  within  periods," 
p.  156—160.  Not  having  any  determinate  periods,  and  more  especially 
i|  ArgOs,  p.  172—177.    May  our  Sun  have  been  a  variable  star?  p.  177. 

Venus,  varying  brightness  of,  p.  311.  Numerical  data,  spots,  &c.  p.  348—351 
and  cxxv.— cxxvi.  (Notes  557—560.) 

Vesta,  magnitude  of,  p.  309. 

Visibility  of  distant  objects,  remarkable  instance  of,  p.  51 — 62.  How  affected  by 
the  form  of  the  object,  &c.  and  minimum  requisite  difference  of  light  between 
the  object  and  the  back  ground,  p.  50—53  and  latter  part  of  p.  xxvii. 

Vision,  natural  and  telescopic,  p.  43—71.  Limits  to  ordinary  visual  power,  p. 
47—49  and  xviiL  (Note  103.)  Extraordinary  instances,  p.  49  and  xix.— xx. 
(Note  105.)  Imperfections  of  the  visual  organs  causing  the  appearance  of 
"  rays,"  &c.  p.  50, 100— Hi, xviii.  xix.— xx.  and Ivi.— Ivii.  (Notes  104—105, and 
205),  and  of  factitious  diameters  of  stars,  p.  50— 110,  and  (Note  106.)  Natural 
vision  of  stars,  as  affected  by  the  use  of  long  tubes,  p.  44 — 15,  55,  86—88. 
From  the  bottom  of  deep  cavities  or  on  high  mountains,  p.  53—55  and  xxii. 
Notes  109—110.  Progress  of  astronomy  while  limited  to  "  natural  vision,'* 
p.  57—58.  Transition  to  telescopic,  and  astro uomical  progress  consequent 
thereon,  p.  58—59.  Telescopic,  of  stars  in  the  daytime,  p.  65 — 67  and  xxiv. 
(Note  127.)    Arago,  MS.  on  an  effect  of  telescopic,  p.  xxv.— xxvii.  (Note  128.) 

Uranology,  p.  26—446.    Divided  under  two  heads,  p.  26—27. 
Uranus,  p.  387—388.    Satellites  of,  388—390  and  457. 

Zodiac,  p.  103—105,  Ui.— Uii.  (Notes  193-196.) 
Zodiacal  light,  p.  413—418. 
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